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APPINDIX C

UPS SO1'I1ARZ SO1URCE CODE

Appendix C comtins; source code for lie NPS software. 71w following files are included and appear in the order shown:

NIPS directory II.. ORBMECHI directoary fim - INC directory files -
djf -datac srnstrix.c cor~pnji.h
dif..plot.c bgprop.c com-port~inc
fsndjg-c cowell.c consz.h
lsfilter.c derxc edit.h
,nunuplot.c gern9.c edit st.h
zysac getienax emmit
aps.h gotpoe.c keys.h
nps~dsp.c iisrs.h npsaif.h
npsedit.c itowgsl4.c orbmechl .h
npsfilt-c jacatrn.c packet.h
tsnPS-5o.c jacdat.c pkt -if.h
npsrnSO.h tn6Orp.c swap.h
nps-none-c rk4.c tans~pkt.ti
Upsjilot-c rnpd.c tinies-h
npspred.c mpmSO.C times.inc
pydastax util.c typics.h
py-plo.C util.h vector.h
rv dataxc
rv-plot.c UTIL directory files - TFgI directory riles.-

edit.c corn txrx.c
NP'S-SiIM directory files,- edit-fid.c emm-test.c
scom-comec edit rt.c les.C
gcom -dev.c ernrncons.c map rsw.c
ydisk.. camrnlowaeasm orti.c
gnonex emmmsnp.c tans -vec.c
npsmain.c etmmmspm.c tansdump.c
scom.c keyjsetasmn test.C
scorn- old.c key int9.assr test com-c
sdisk.c swsp-d.asrn test -dev.c
sdisk 2.c swap f~asm test vec .c
sirn.c swap s~asm test! .c
sim.h tdbl hrnsestn test2.c
smem.c tdbilur.asm vect-old.c
spsop.c thawsdbLassm vniode.c
spropdsk.c thznsstrWasrn

tiarneasm TANS directory files.-
COM directory fio - v~j2000.c (not included)
corn inte-asrn vmSO3.c
cown isc-C VrImntrx.c TANS-SIM directory files.
orb idex v~quat.c (not included)
otb~pkl.c v -rvbat.c
orbjPost-c v ector.c Borland C + + Makefile-
tsnsjpkt.c makefile
tensillex
tanspott.c
taaspkt2.c
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----- :: : ---- ~ w-- ------- - - - - ==

#lnclude <inem.h>
#include <iobh>
#include < fcntl.h >
#include <math.h>

#include nups.hw

----------- ------- -- ------=- -- =

int nps _diffplot__data-init(Nps diffplot info *this,
ushort max-mom, ushort config mem, Emm-info %emm)

imt handle;
Nps log file header header;

/* ---
*Try to get EMM memory first, and 64K of it. Otherwise use normal mem.

if (emm-info exists(emm)) emm-construct_nDew(&this- > emm, emm, 4);

if (emmý_exists(&this- > cmi))

char name[1O];

memcpy(name, this-> log file_name, 8);
enunmname set(&this- > emm, name);

this-> ning max - Oxifif / sizeof(Diff vector);
rnax-mem = sizoof(Diffvector) * this-> ring. max;
this- >ring buffer = MK FP(emm- >phys.segments[0J, 0);

emm ~map multi(&this- >emm, EMMjphysjiage, 4, emm-> map_0123);

"* Ring. max may already he initialized, if not then compute it from the £00085 ion For
'max mem argument. Allocate the ring buffer. NTS GAil

r1DTIC TAB 10
else UnaanLcti'ced 10

if (config~mem > 1024) 
cn n

this-> ring_ max - config mem /sizeof(Diff vector);

if (this-> rng max - - 0) Ds'~~i~o
thiu->ning~max - max mem Isizoof(Diff vector); L'1~1t'Codes

dif-data. c Dista



dif-data.c

this- >ring buffer - malloc(max~mem = sizeof(Diff vector) * this- > ring-max);

if (this-> ring buffer NUL.L) return NO;

*Clear the ring buffer, and try to open my log-file.

memset(this- >ring buffer, 0, max mem);

if ((handle = open(this- > log file-name, O-RDONLY I0 OBINARY)) < 0) return YES;

"* Read and verify the log-file header pattern, then fill my ring buffer
"*from the file. I assueallsamples are intime order in the file.

if (read(handle, &header, sizoof(header)) ==sizeof(header)

&& memcmp(&header, this-> log file-hdr, sizeof(header)) ==0)

this-> next-sample = read(bandle, this-> ring buffer, max mem) /sizoof(Diff~vector);
this- >prey sample = this-> next sample - 1;

if (this- > next-sample > = this- > ring_ max)

this- > next-sample = 0;
this- > ring full = YES;

else if (this-> next-sample < =0)
this- > prey sample = this- > next sample = 0;

this-> begin__tune = this-> ring bfert0] time;

close(handle);
return YES;

= = = ro(&hi- > - =)

void nps diffplot data stop(Npsdifijplot info "'this)

voi ns dfflotdaa aveNp di~otinfo dta c'hs



dit-data.c

Try to open/create the log-file. Write the header pattern.

if ((andle - open(this- > log fileý.name, ORDWR I 0 BINARY I 0 CREAT, 0666)) < 0) return;

write(handle, this-> log file hdr, sizeof(Nps log_file_header));

I Imust write the ules in time order.

if (ermm exists(&this->ecur))
earn map nrulti(&this- > erm, EMM~physjage, 4, this- >emm. info- >rnap_0 123);

if (this-> ring full)

size =(this- > ring max - this- > next _sample) * sizeof(Diffvector);
if (size) write(handle, this- > ring buffer + this- > next sample, size);

size = this-> next sample * sizeof(Diff vector);
if (size) write(handle, this-> ring uffer, size);

write(handle, 0, 0); // Truncate file to current size
close(handle);

void nps diffplot _data_flush(Nps diflfplot info *this)

this- > ring full = NO;
this- > prey sample = this- > next~samle = 0;

void nps diflflot data _update(Nps diffpo info *this)

Nps_intat_vector info *target -this-> target;
Nps state vector-info *chaser =tbis->chaser;

Duff vector *dvac = this->ring buffer + this->next sample;
Vector delta;

if (target- >got one -- No chaser- >gSotone ==NO) return;

if (ema Lexists(&this- >earn))
enmmqap~muti(&*his- >earn, EMMjpbysj.page, 4, this-> ernm. info-> map_90123);

dif-data.c



dif-data. c

vector -difI(&chaser-> av.pos, &target- >sv.pos, &deltk);

dvec->difl[NPý_diff pos] - vector niagnitude(&delta);

vector -diff(&chaser-> sv.vcl, &targe-> sv.vel, &delta);
dvoc- >diffrNPS duff veil = vector magnitude(&deita);

dvec->tinae - chaser->sv.time;

if (this- > prey uamnple - this- > nextsmaple && this- > begin time =0.0)

this-> begin tune -chaser-> sv.time;

this-> prey sample - this-> next sample;
this-> next sample+ +;
if (this- > next sample > - this- > ring-max)

this-> next-sample - 0;
this- > ring_full - YES;

void nps diffplot display update(Nps diffjplot-info *this, double t time, double cjtime)

Nps stae vector info *target =this- > target;
Nps state _vector-info *chaser =this- > chaser;
Vector delta;

if (target- >got one NO I chaser- >got one ==NO)

npsdfiff~lot__time~tuime, c time);
return;

if (this-> active~plot ==NPS-diff pos)
vector difI(&chaser-> sv.pos, &targe-> sv.pos, &delta);

dels
vector diff(&chaser-> sv.vel, &target- > sv.vel, &delta);

if (this- > prey sample - this- > next sample && this- > begin time ==0.0)

this- > begin time =chaser- > sv. time;

apsdiffplotpoint(this- > displays + this-> active~plot, vector magnitude(&delta),

411_data. c



dig-data. c

chaar->v~tie -this->begin time, this- >activeplot, t-time, c time);

* Returns:
* 0 Didn't use the key
* 1 Used the key
* 2 Used the key, My subsystem is done

int nps diffplot key .hanler(Nps diiffplot info *'this, int key)

imt rc = YES, refresh =YES;

Npsjplot info *display =this->displays + this-> activeylot;
Npsjplot axis *axis-horz display->axis + display-> axis-honz;
Npsyplot axis *axis -vert =display-> axis + display- >axis vert;
Npsjplot axis *axis;

double range delta;

switch (key)

case KEY esc: return 2;

cae* Yp xsvrt rne* ;bek
case KEY -uow: axis vert- >range /= 2; break;
case KEY7 down: axis-vert- > range 1=2; break;
case KEY lefgt: axis horz-> range / 2; break;

case KEY -cntljup:
case KEY7 cntl down:
case KEY cntl left:
case KEY cntl right:

if (key m=KEY cntLup I I key ==KEY-cutl-down)

axis =axis vert;
range delta - axis- >rangel4.0;

else

axis - axis horz,
range delta axis-> ranse/6.O;

difdata. c



dif-dalta~c

if (key - KEY cntl p 1key - - KEY cntl nght)

if (axis- > origin < 0 && -axis- > origin < = range delta)
axis-> origin = 0.0;

else axis- > origin + = range delta;

else

if (axis->origin > 0 && axis->Origin < range-delta)
axis->origin - 0.0;

else axis->origin - range,-delta;

break;

case KEY _space:
if (this- > menu list[this- > menu-id] -NULL) this- > menu -id -0;

else this- >menu-id ++;
break;

case KEY-f9:
this-> active-plot

(this-> active~plot ==NPS diffjyos ? NPS-duff vel :NPS-diffy~os);
break;

default: rc - NO; break;

if (rc = = YES && refresh = = YES) ups diffplot display_init(this);

return rc;

void nps diftjplot display int(Nps diffplot info *this)

Duff vector *samlple;
uishc~t samples;

int type = this-> active-plot;
Nps~plot info *display = this-> displays + this- >active~plot;
double begin time;

dif-data. a



dif_data. c

if (emm exis(&this- > emm))
emmamapmulti(&this- >emm, EMM.jhys.age, 4, this-> emm. info-> map_0123);

npsdiffplotinit(display, type, this- > menu list[this- > menu.id]);

"* Figure out how many Diff samples are in the ring buffer, then process
"* all the valid samples.
*/

if (this- > ring-full YES)
I

samples = this- > ringmax;
begin-time - this->begintme = this-> ring~bufferfthis- > nextsample].time;

else
{

samples = this-> next sample;
begin-time - this->begintime - this-> ring buffer[Ol.time;

*/

for (sample = this->ringbuffer; samples > 0; samples-, sample+ +)
npsdiffplot_..point-fast(display, sample-> diffitype], sample-> time - begin time);

difdata.c



difpVlot .c

#include <astdio.h >
filnclude <nxath.h>

#lnclude <times~h>
linclude "nps-h"

extern Nps graphics info nps graphics info;

*I use these structures to avoid extra floating-point work during realtime.
- ------------- -- ---------- ------------------ *

static struct IIPlot times

struct viewporttype view;
int Iineljy, line2_y;

time;

static struct IIMag/Time numbers

struct viewporttype view;
int lineljy, Iine2_y;

)mag time;

static struct

I
int xl, x2, yl, y2;

axis;

#define STEP PIXELS 100
#define TIME PIXELS (STEPPIXELS *6)
#define MAG-PIXELS (STEP-PIXELS *4)

static void points init(void)

int xmax - nps~grVphcs~infb.xmax;
int yxnax -npsgraphc9sinfO.ymax;
int c height -nps~graphics infoxc height,
int c-width =nps graphics info.c-width;,

dif~plot. c



difploct. c

time.view.left x= x * 0.85; IITop right comne-
time-view.night =time-view.Ieft + c-width * 16;
time.view.top -ymax * 0.05;
time.view.bottom = time.view.top + c height * 3
tiuae.view.clip - YES;
if (time.view. right > xmax) time.view.right = xrnax - 1;
if (time. view. bottom > ymax) time.view. bottom = ymax -1;

time.lineljy = cheight;
time.Iine2_y = (c height * 5)/2;

mag~time.view.Ileft =xmax * 0.855;
mag~time. view.nrght =mag time.view.Ileft + c-width * 15;
magtime.view.top =ymax * 0.865;
mag~time.view.bottom = mag~time. view. top + c-height *3;

mag-jime.view.clip, = ME;
if (mag~time.view. right > = xmax) mag~time. view. right =xrnax - 1;

magtime.linel~y = c~height;
mag~time.Iine2_y = (c _height *5)/2;

axis.xI = 10;
axis.x2 = xmax - 1;
axis.yl = 0;
axis.y2 = ymax * 0.834;

void nps dif!`pIot-init(Npsjplot info *info, int diff type, char **menu)

static char
magtitlefl = mag(r)",
mag~label[] = Kft*,
fmtl[] ="%.1

int xmid = npsjmp~hics~info.xmid;
int c_height =nps~graphics info.c height;
int c-width =nps~graphics info.p width;

Nps~plot axs *x-axis -info->axis + NPS-axisX;
NpsjpIot axs *y axis -info->axis + NPS-axisY;

int cnt. xlI, x2, x3, ylI, y2, y3 ;

dif~plot .c



dif__lot. c

double step, scale;
char work[241;

/*-

if (time.view.bottom - 0) points initO;

cleardeviceo;
setcolor(7);

settextstyle(SMALLFONT, HORIZ DIR, nps_graphics info.font size);

* Draw the title and mag/time axis.
*1

settextjustify(CENTERTEXT,CENTERTEXT);

outtextxy(xmid, c_height, info-> title);

line(axis.xl ,axis.yi, axis.x 1,axis.y2);
line(axis.xl ,axis.y2, a&'.s.x2,axis.y2);

outtextxy(xmid, axis.y2 + cheight * 3, "time(sec)" );

* Draw horizontal ticks (time).

* The range tells me how much to show on one axis, and is divided into

* six sections. "Step" is the value of one section. Each section is hard
* coded to be 100 pixels.
*/

settextjustify(CENTERTEXT,CENTERTEXT);

step = x_.axis->range / 6.0;
yl = axis.y2 -5; y2 = axis.y2 + 5; y3 = y2 + c height/2;

for (cnt = 1; cnt <= 6; cnt++)
I

xl = axis.xI + STEP PIXELS * cnt;
line(xl,yl, xl,y2);
sprintf(work, fmtl, step * cnt + x-axis->origin);
outtextxy(xl, y3, work);

* Draw vertical ticks (mag).

* The range tells me how much to show on one axis, and is divided into
* four sections, three of which are labeled. "Step" is the value of one
* section. Each section is hard coded to be 100 pixels.

dif_plot. c



dif~plot. c

uettextstyle(SMAL.LFONT, VERTDIR. npsraphics-info~font-size);

step - y axis-> range / 4.0;

Xl = axis.xl; x2 - axs.xl + 5; x3 =xI - c~height;

if (stop < 1.0) { maglabel[0J = '; scale 1000.0;
else { mag-label[0] = 'K'; scale = 1.0;
outtextxy(x3, axis.yl + c-width * 10, mag label);

for (cnt = 1; cnt < =3; cnt+ +)

yl = axis.y2 - STEPPIXELS * cnt;
line(x l,yl1, x2,yI1);
sprintf(work, fmntI, (step * cnt + y axis-> origin) * scale);
outtextxy(x3, ylI, work);

settextstyle(SMALLFONT, HORIZ DIR, nps~grapbics-infobfont-size);

*Draw number box, time labels, and menu bar.

settextjustify(LEFTTEXTCENTERg_TEXT);

xl = mag time. view. left - c width * 6;
mag~title[4] = (dufrf tpe = = NPS diff pos ? 'r':V)
outtextxy(xl, magtime.view.top + mag time. linelIj_, mag_title);
outtextxy(xl, magtime.view.top + mag~time.line2_y, "time");

x1 = time.view.left - c width * 8;
outtextxy(xl, time.view.top + time.Iineljy, info-> target,_title);
outtextxy(xl, time.view.top + time.line2_y, info-> chaser-title);

if (menu ! = NULL) aps menuplot__init(menu);

void npsdiffplot__time(double ti, double t2)

int c -width = npsjgraphic9 info.c-width;
char workt20];

npsjpIot clear view(&time. view, NO);
settextjustify(LEFTýTEXT,CENTER_TEXT);

dif~plot. .
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t I +-r 86400.0;
timedbljo~string(&tl, work);
outtextxy(c~widthl2, time.Iineljy, work);

t2 +-r 86400.0;
time-dbLto~string(&t2, work);
outtextxy(c-width/2, time.line2j,, work);

nPS-jlot main viewO;

void npsdiffplot__values(double diff, double dtime, int duff type)

static char fnt-time[I = '%9.Of sece*, fit magi] = %9.3f Kft/s';

int c-width = upsraphics-info.c-width;

char work[32];

npsyplot-clear~view(&magtjime. view, NO);

settextjustify(LEFTýTEXT,CENTERTEXTh;
setcolor(7);

if (diff < 1.0) {fut magf6] = ;diff~ 1000;)
else ( fat _ma&f] = 'K';)
fintmag[9] = (duff type = = NPS diffjpos ? 0: TI);

sprintf(work, fmt mag, diff);
outtextxy(c~width/2, mag time.linelj, work);

sprintf(work, fmnt time, dtime);
outtextxy(c~widthl2, mag tirne.Iine2_y, work);

UPSjJot-mamnviewo;

void upsdiffplotjpoint(Nps~plot info *info, double diff, double dtime,
iut duff yp, double ti, double t2)

int xpoint, ypoint;
Npsjplot axis *x-axis - info-> axis + NPS-axis-X;

dif..plot. c
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Npsyplot axis *Yxis - info-> axis + NPS-axisY;

diff *= KILOMTOKILFT;

nps~diffplottime(t1, t2);

ups diifplot vaiues(diff, dtime, diff yp);

xpoint = (int)((dtime - x axis-> origin) * (doubie)TJME PIXELS Ix -axis-> range) + axis.x I;
ypoint = (int)(-(diff - y axis- > origin) * (double)MAG PIXELS Iyaxis- > range) + axis.y2;

if (xpoint > = 0 && xpoint < ups graphics-info.xmax
&& ypoint > = 0 && ypoint < npsgraphics-infD.ymax) putpixel(xpoint, ypouit, 7);

void upsdiffplot__oint fast(Npsyplot info *info, double duff, double dtime)

int xpoint, ypoint;
Nps-plot-axis *x-axis - info->axis + NPS -axis_-X;
Npsjplotwaxs *y-axis - info->axis + NPS~axis..Y;

settextjustify(CENIIER TEXT, CENTER TEXT);
setcolor(7);

duff = KILOMTOKCILOFT

xpoint = (int)((dtime - x axis-> origin) * (double)TIME PIXELS x xaxis-> range) + axis.xI;
ypoint = (int)(-(diff - y axis- > origin) * (double)MAG PIXELS /yaxis- > range) + axis.y2;

if (xpoint > -0 && xpoint < npsgraphicsjinfo. xmax
&& ypoint > = 0 && ypoint < nps~graphicsjnfo.ymnax) putpixei(xpoint, ypoint, 7);

dif~plot. c
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Dinclude <utdib.h>
Dinclude <"do.h>
Dinclude <conio.h>
Uinclude <math.h>
#include < graphics.h.>

#lnclude "nps.h*

"* This function recieves an initial position and velocity vector for a body
"* orbiting the earth and produces those ciassic~al elements needed by the f and
"* g functions for orbit prediction.

void getclas(Vector "poe, Vector %veI, Orbmech-classicals *class, Perturbations *P)

Vector angmom, evec, exr, nvec, nxe;
double mu, r. v, E, Bo, a, h, r mult, v-mult, e, cosnu, sinnu, nu;
double n, sinom, cosom;

mu = P->Gravity.GMD.planet mu;

r =vector magnitude(pos);
v = vector-magntude(vel);
E = v*v/2 - muir; I/energy not eccentric anomaly
a = -muIE/2;

vector crosa(pos, vel, &angmom);
h = vector _magnitude(&angmom);

r mult = v*v/mu - I/r;
v-mutt = vectorý-dot(pos, vel)/mu;

cvec. x = r -multt"pos- > x - v mult*vel. > x;
evec.y = r-mult*pos->y - v-mut*vel->y;
evec.z = r-mutt*pos- > z - v mult*vel. > z;

e = vector magnitude(&evec);

cosnu = vector dot(pos, &evec)Ir/e;

vector -cross(&evec, pos, &Cxr);
sinnu - vector dot&angmom, &exr)/h/e/r;
nu = atan2(sinnu,cosnu);

nvec.x - -angmom.y; nvec.y = angmom.x; nvec.i 0.0;
vector cross(&nvec, &evec, &nxe);

f-andg-. a
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sinom -vector doC(&angmom,&nxe)/h/e/n;
cosoM vector dot(&nvec,&evec)/*/n;

class- >a =a;
class->.C 0;
class->Eo =Eo - 24'atan(tan(nu/2)*uqrt((l-e)/(1+e)));
class- >Mo =Eo - e*sin(Eo);
chas->Omn atan2(angmom-x,-angmom-y);
class-> i - acoe(angmom.z/h);
class->om =atan2(sinom,cosom);

class->n = qrt(mu/a/a/a);

"* This function uses the. Laguere-Conway algorithm for solving Kepler's
" equation M = E - ein(E), for the eccentric anomaly E, given the mean
"*anomay M.

void laguerecponway(Vector *MeE)

double M, e, E, f, fprm, f2p, tern, a, b, dE;

M = MeE- >x;
e =MeE-> Y;

E =M;

f 1.0;
while (f > l.Oe-15)

f = E -e*sin(E) -M;
fprm = I - e*cos(E);
f2p = e*sin(E);
term - 2bsqrt(4*(fprm*ifwm) - 5*f*k2p);
a = fprni + term;
b = fprr - term;
if (&bs~a) > fabs(b))

dE = 5*fla;
else

dE - 5*flb;
E = E - dE;

MeE->z - E

*This function recieves the a, e, and Eo elements of the classical element

fEandg. c
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"* ast for an eccentric (central force) orbit, the reference position and
"* velocity from which they were developed, and a tune difference from the epoch
"* of post vel, and produces a new position with the f and g fuinctions.

void f and_(Vector *pos, Vector Ovel, Vector *pos new, Vector *vel new,
Orbmiech clauuicals %class, double t-dif)

double ro, a, C, Eo, Mot E, M, n, f. St r, fdot, gdot;
Vector MeE;

ro - vecto(_nmagitude(pos);
a - class- >a;
e = class- >e;
Eo = clasw-> Eo;
Mo = class- >Mo;
n =class-> n;

M = Mo + t-difn;

MeE.x = M; MeE.y = e
laguereconway(&MeE);
E =McE.z;

r = *(l-e*cos(E));

f = *(cos(E - Eo) - 1)/to + 1;
= (sin(E-Eo) - eOsin(E) + e*sin(Eo))In;

Mdot =-sin(E-Eo)*"'a4'alrolr;
gdot =a*(cos(E-Eo) - 1)/r + 1;

pciWW nw> x = FPpos- >x + g*vel > X;
pos~new- >y = fr'pos->y + g*vel->y;
poesnew->z = f*pos->z + g"'vel->z;
vel -new->x = fdot*pos->x + gdot*vel->x;
vel new- >y = fdot"'pos->y + gdot*vel->y;
vel-new- >z = fdot~pos- >z + gdot*vel > z;

2_andg.aC



#lnclude <utdlb.h>
#incluade < WIdio>
#include <conio~b>
#include < math.h >
Anclude <gSraphicab >

fdncude *nps.h*

0define OFF 0
Alefine ON I
Idefine TINY 1.Oe-20
0define YES I
#define NO 0

void lu bksb6(double a[6][6], int n, int indx[6], double b[6]);
void buffer raw _orb~gps(State_vector fnps_ tans, double tansbufI4J[60],

int tansý_mLat[df2]);
int In dcmp6(double a[6][6], int n, imt indx[6J);

*in: Is fllter(State _vector *'tans -in, State -vector ftans-out,
* double tans buf, int fbi, int point num, Perturbations *P)

*This filter, created by Lou Zyla is designed to accept buffered tans
*information and produce a smoothed (in a least squares sense) State vector
*for the most recent point.

intl Isfilter(Satme vector f'tans in, State-vector *tans-out,
double tans bufr4J[60], int fbi,
int point num, perturbations *P)

double xhaf 6], xtr[6J[7], tan m~t[3][6], resid~accum[6];
double ptpmat[6J[6J, rmat[6J[6J, rsd[6], tnow, tuext, delta;
double sum,, Teax, resy, resz, xtrhold[6J[7J, clasmatf5][7J;
double time, tfg~ref;
Orbmnech-classicals classics;
Vector poso,. velo, poe new, vel new;
in: i, j, k, ii, jj, iter, indox[6], sing, count, num~pointa;
int drag holder, zoiaL holder, teaseral holder;

double ftime-.tep = 10.0;

drag holder - P->DraS.mode;
zouial holder - P->Gravity.number-zouial;
tesserai-holder - P->Gmevity.number-tesueral,
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timnsctsp - 10.0;

*tas out - tans in;
for( 11cer-I1; iter< in3; iter++)

xha[0] - tans~out- >pos.x;
xha[1] - tans out- >po..y;
xha[2] - tans _out->pos.z;
xha[3] - tans out- > vel.x;
xha[4] - tans-out- > vl.y;
xha[SJ - tans out->vel.z;

for( i-0; i<6; i++)

for(j-0; j<7; j+ +

xtr~iJ]U - xtrhold[iJ]j] - xha[i]; Ilxtr is a 6x7 matrix

for( i=0; i<3; i++)

xtr~iJ[i] - xtrhold[i[ii]- xtifi[i][i + 5.0.-3;
xtr[i+3][i+3J = xtrhold[i+3][i+3] =xtr~i+3][i+3] + 0.5c-3;

for( i-0; i<6; i++)

fbr(jinO;j<6;j++)

ptpnuaai](jJ - 0.0;

resid-accum~iJ - 0.0;

for( i=0; i<3; i++)

ptptnati][i] - 1.0;
residaccumn~iJ - tans buffi~jpoin num] - xhaf 1];

turow -Ifg-rof -tans-out-> time;

if( fbi -- YES)
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numpowints = 60;

numnpoints -point~nuux + 1;

i point au-i;
if( iCO ) i m 59;

for( k-0; k <7; k++)

pa. o-x - xtrhod[0JlkJ;
pa. o~y - xtbhold(1J(kJ;
pos o.z = xtrhold(21(k];
vel o.x - xtrholdl3j[kJ;
vol o.y = xtibold[4][k];
vet o.z - xtfhold[Sjfkl;

veclas(&poso9, &vel-a, &classics, F);

clasau4OJtk] -ctmics.a;
clasiat[l](k] - clausics.e;
clasznat[2J[k] - cimaics.Eo;
clasmst3]fk] - classcs.Mo;
clasmat(441k] -clsasics.n;

for( count - 1; count < numnpoints; coutmt+ +)

tnext - tans bufT3ljiJ;
pa. o~x - xba[0];
poso0y - xhalI];
pos.paz - xha[2J;
vol o.x - xiha(3];
vol o.y - h[]
vol o.z -xha(sJ;
P->Dra&anode w ON;
P->Gm~vity.nuinbM.zonaI m 4;
P->Gmavity.nuinber-teuaeral = 4;

delta - wxt -tnow;

bgptop(tnow, &pos~o, &vel o, P, delta, time step,
&Posop, &Ve 0);

xha[jO - pos~o.x;
xhaf 1 - poso.y;
xWa21 - pa. o.z;

lof ilter. c



xha[3J - veo. ox;
xha[4] - veol cy;
xha[5J - vol O.z;

time = ont- t ref;

for( k-0; k<7; k+ +

posop.x =xbti~od[O][kJ;
posopy - xtrholod[1][k];
posop.z - xtrbold(2][k];
vel -o.x =xtrhold3J[k];
vol o.y =xtrhold[4J[k];
vol o. z =xtrhold(SJ[kJ;

classics-& = clasmat[Oj[k];
classics.c clasmat[lJ(kJ;
classics.Eo = clasmat[2J[k];
classics.Mo = clasmat[3][k];
classics.n = clasmat[4][k];

fandjg(&posp,&vel-o,&pos~new,&vel-new,&classics,timne);

xtr[O][k] = pomooew.x;
xtrll][k] = posnpew.y;
xtr[2]k] = pos~now.z4
xtr[3Jjk] = vol -now.x;
xtr[4][k] = vet now.Y;
xtr[S]Uk] = vel new.z;

toow = tnext;

for( ii-0; ii<3; ii++)

for(ij -0;jj <3;jj + +

ftan~marfi]Uj] - (xtrlii]Wj]-xtr[ii][6])/5.Oe.-3;
tranmat[iiJ]jj+3] - (xtfii]W +3]-xtr~iiJ[6J)I0.Se-3;

for( ii=O; ii<6; ii++)

for(j-0; j<6; j+ +

sum - 0.0;
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for(k-0; k<3; k+ +

sma - sum + tran-nat[k][ii]*tran~mat[kJWl;

ptpmatiiJljJ = ptpmatlii]Ij] + sum;

may - tans buftfll~i] - xha~O];

resz - tans-buf[2](i] - xha[2J;

for( k-0; k<6; k++)

meid_accum[kJ = feuid-accumfkj + resx*tan inat[0][k1 +
resy~tranmat[I1[kI + resz*tran-mat[2J[k];

i--,
if( 1<0 ) i = 59;

//Ifor( count=O; count< num~points; count+ +)

for( i=O; i<6; i++)

rsd[i] - meid accumti];
for(j=0; j<6; j+ +

nmat[ilo] = ptpmat[i]Wl;

sing = u dcmp6(rmat, 6, index);
Iu-bksb6(rmat, 6, index, rind);

tansý_out- >pos. x = tans -out->pos.x + rsd[0];
tmns ouz->pos-y = tans -out->pos.y + rsd[I];
tans Out->pos.z = tans ot->pos.z + rsd[2];
tansout->vel.x - tans out->vel.x + rsd[3];
tans-out- > veLy - tans out- > veI.y + rsd[43;
tans-out- >vel.z - tans out->vcl.z + rsd[S];

) Ifor( iter- 1; ier< -3; iter+ +
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P-> Drg. mode -drag. holder;
P- >Gravity.numbcr-zonal - zonal holder;
P- >Gravity number tusasral - tesseral holder;

"* it lu dcmp6(a, n, indx, sing).. .This function is the L-U decomposition
"* from NIumerical Recipies.

int lu-dcmp6(double a[6J[6], int n, int indx[6])

double big, dum, sum, temp, vv(6];

mnt i, imax, j, k, sing;

sing - NO;
for( iin0; i<n; i++)

big = 0.0;
for(j=O;ji<n; j+ +

if((temp - fabs(a[i]Ij])) > big) big =temp;

ift big ==0.0 ) sing - YES;
vv[iJ = 1.0/big;

for(j=0;j<n;j++)

for( i=0; i<j; i++)

sum aI)
for( k0O; k<i; k++)

sum -= a[i][k]*a4k]U];

a[i]o] = sum;

big = 0.0;
for( i~j; i<n; i++)

sum MADi]W;
for( k0O; k<j; k++)

sum -- a4i][k]*'a[kj]rj;

aff]O] - sum;
if( (dum -vv~iJ*f&bssum)) > big)
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big - dii.; imax-

if(j !iniax)

for( k=O; k<n; k+ +)

duni - a[imax][k];
a[imax](k] = &5)[k];
&61J[k] =dum;

vv[iinaxJ vvu];

indx~j] = imax;
if( afli]U = = 0.0 ) 41101] = TINY;
if(j != n-I)

dum - 1 .O/ajlolj;

return(sing);

lu -ibksb6(double a[6][6], int n, int indx[6], double b[6])
*this function performs the back substitution after a decomposition.
*It i* from Numerical Recipies.

void Iu bksb6(double a[6][61, int n, int indx[6], double b[6])

float sum;

mnt i, ip, j, iiO0;

for( i=0; i <n; i++)

ip = indx[i];
sum = brip];
b[ip] -= ]
if (ii)

for(j=ii;j<=i-1;j++)

sum -- afiloj]fto];

)e ltr
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else

if (sum) Hi - i

bWiJ - sum;

for( iin-I; i> -0; i--)

for (ji+1; j<n; j+ +

sum a~i](j]%fjJ

b[i] = sumla[i][i];

#ifdef OLD-FILTER

*buffer-raw-tans(State_vector %nps_ tans, double tans-butI4l[601,
* mt tans mat dat[2])

*This function creates a ring buffer for unmodified tans information as it
*arrives in the NPS subroutines. The buffer is used by LJSFILTER.C to smooth
*some of the error due to the SA code out of the tans state vector
*information.

*------------------

void buffer_raw_orb~gps(State vector *nps-tans, double tans buf[4](60],
int tans-mat dat[2])

uit tansWit;

tans-wrt = tans-mat-dat[1];

tans buf[O][tans_wit] = npstans->pos.x;
tans_ butt 1](tans,_wit] = ups tans-> pos.y;
tans buf[2][tans wit] = nps tans-> pos.z;
twýnsbuf[3][tans wit] = nps tas-> time;
tans -mat -dat[IJ - tans wit + 1;
if( tans matda[l] = 60)

tans, mat -datfl 1= 0;
tans mat dat[0] = YES;

#endif OLD-FILTER

1sf ilter. C



zenuplot.c

Dinclude <stuing.h>

#inciude "ops.h"

extern Nps graphics ifo ups grp Ics Uifo

- -- = - in---- _graphis- ----

I use these structures to avoid extra floating-point work during realtime.

static struct IIPlot menus

stflIct viewporttype view;
int height, lineljy, line2_y;

)menu;

static void points init(void)

int xmax = ups graphics -info.xmax;
int ymax u ps grphc ifo.ymax;
int c height = upsjgraphics-info.c-height;

menu.view.left =0;

menu.view.right =xmax - 1;
menu.view.top =ymnax - I - (menu.height =c height *3 - c-heightl4);
menu. view. bottom = ynax - 1;
menu.view.clip = YES;

menu~lineljy = c height - c-heightl4;
menu~line2_y = menu.Iineljy + c height;

void ups menuplot init(char **labels)

int box, x, x -delta;
char *text;

a~nulplot. c
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if (menu.heigiit -0) pointsuinitQ;

npsjplot clear view(&Menu.viCw, YES);

wmtextjustify(C&ETR-TEXT,CEN7ERYEX7);

x-delta =(menu.view.right + 1) /10;

for (box =0, x =menu.view-left;
box < 10;
box++, labels++, x + =x-delta)

if (box > 0) Iine(x, 0, x, menu.height);

if ((text = *labels) - NULL) continue;

outtcxtxy(x + x delta/2, menu-Iinel-Y, text);
text + = strlen(text) + 1;
outtextxy(x + x deita/2, menu.line2_y, text);

npsyplot main viewO;

uienuplot.c
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#include <stdio.h>
Dinclude <coniobh>
#lnclude < string.h >
#lnclude < dir.h >
Ninclude < signaibh>

#include < edit-rt.h >
#lnclude < times.h >

Nifdef DEBUG
#include <edit~h>
#endif DEBUG

#include 'nps.h'
#includc *nps~m5O.h"

*Only one each of these structures exists.

_pgraphicsnfo upsý gphcifo

10), /* struct viewporttype main-view ~
0,0,0, /* int xmax, xmid, c-width *
0,0,0, /* mnt ymax, ymid, c height *
4, I* int font-size 32x32 pixels *
NO, 0 /* int ingraphics mode, page *

Emm-info ups_ emm-info;

"* This enumeration defines the various sub-plots of this system. Ile static
"* variable holds the current sub-plot, and starts as zero Cmain menu).

enumn apsyplots

NPS~mi~eu

NPS~spas~gps~orb~tgt. NPS tgtsawtooth,
NPS orb tgt orb~jps, NPS _orb _tgt orbins,
NPS~orbjpsjitchjyaw, NPS orb ins~pitchja~w,
NPS orb ins spasWpsitch jaw,

npo. c
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NPS edit menu,
NPSx

static eanum nps_plots npsmub_plot = NPSmax;

"* The SPAS vector has two possible sources, as does the Orbiter-GPS. Some
"* of the sources are WGS84 and need conversion to M50, there are currently two

". routines for conversion.

Dlfdef NPS GPS
enum spassources { SPASspasps, SPAS..spassv, SPAS arc max};
enum Spssources { ORBUPS m50, ORBUPS_ecef, ORBGPS_arc_max};

static Nps state vector info spas.gps = { YES, NO, SPASspasgps, NPS M30 from load };
static Nps state vectorinfo orb gps = { YES, NO, ORB_GPS_m50, NPSM50fromiload};

#endif NPSGPS

static Nps_state vectorinfo orb ins {YES, NO;
static Nps_quaternion info orb quat ={YES, NO;
static Nps_state vectorinfo orb_tgt { YES, NO};

"* The perturbations structure is declared far because it's rather large. It
"* is used for both vehicles: orbiter and spas. Only the ballistic number needs
"* changing from vehicle to vehicle.

static Perturbations far npsP;

static double orb ballistic number = 64.0;
static double spasballisticnumber = 64.0;

double npsnewesttime;

Npsjpredictor nps_predictor =
(

NPS_predict off, 40, 60.0, 8.0, 0.0, &npsP, &orb_quat,
{ NO, NO, NO )

int npsdap_on;
Npsrvplot info *npsdap_plot;

npa.c



*These menus are used by the plots.

static chat
menu str _spfl - "SPACE\O' 'Alt Menus",
menu sir escOl = -ESC\O- "prey scrn*,

# Afdd NPS UPS
menu-sir-flD = "FI\O" "Spas/"-PSm,
menu-sir-t20] = "F2\O" "Spas/O-INS-,
menu-sir-f31J = "F3\0" "O-GPS/INS",

meu_sir_st3O] = "Shft-F3\O" "Saw - ORB',
menu-sir-f40] = OF4\O" mSpas=TT",
menu_str_sf401 = "Shft-F4\O" "Saw - TGT",
menu str f5t0 = *F5\O" "TGT/O-GPS",

# endiFNPSUPS
menu-sir-f6[] = *F6\O" -TGT/O-INS-,
menu-sir-f70] = *F7\O" "Singi Pred",
menu-sir-tSfl = "F8\O* "Auto Prod",
menu_sir_sf6[0 = 'Shft-F6\0' "Rbar-Vbar",
menu_sir_st701 - *Shft-F7\0* 'Vbar-Ilbar",
menu sir sf8 = *Shft-FS\O" *Rbar-Hbar",
menu sir sf90 = "Shft-F9\O" "Hbar on/off",

# ifdef NPS UPS
menu sir 190] = *F9\O" "Toggle,

# endif NPS UPS
menu-sir-flOj] = "F1O\O" *Settings",

menu-sir-af10] = "Alt-FI1\O" "Freeze Scrn",
menu-sir sf50 = "Alt-FS\O" "Pitch/Yaw",
menu_sir_&f6[] = *A~t-F6\O" *Fast ply",
menu-sir-af7[] = "Alt-F7\O" "Wipe one",
menu-sir-afBO = "Alt-F8\O" "Wipe Plots",
menu sir sf100 = "Alt-FIO\O* *Save plots*,

# ifdef NPS-UPS
menu-sir-cflOl = "Cntl-Fl\0" *Filt 0-UPS",
menu -sir -cf2[0 = Cntl-F2\0" ->off",

# ifdlef NEW FILTER-SPAS
menu-sir-cf30 = "Cntl-F3\O" "Filt Spasm,
menu sir cf4fl = "Cntl-F4\.0* "> off",
Nendf NEW FILTER SPAS

# endif NPSGZPS
mnxu_sir_cf6[0 = -Cad-F6\0" "RNDV Pred",
menu sir cf7[] = "Cntl-F7\O" "DAP mode",
menu-sir cfSO = "Cntl-FS\0" "Clr thrust",
menu_sir_cf90] = "Cntl-F9\O" "Prop all",

nips.
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menu st IZIOom4 - 'Up-Down\O' "Zoom Z",
mmnu atr zoomx[] - 'Loft-RightV) *Zoom X",
menu strjanz - "CNTL up-dn\O* "Pan Z",
mmnu urpmnx[] - *CNnL If-it\O' 'Pan X0,
nmenu-str homeD 'HOME find\00" Target',
mnwu-sir-endOl * END find\O)'* 0Orbiterm;

static char *rv saw menul[0
I

menu sir aSp,

# ifdof NPS-GPS
menu -str -f I, menu str 12, menu str_13,
menu - tr -ff, menu-strIS, menu-str-ff6,

# else
NULL, NULA-, NULL,
NULL, NULL, menu-strff6,

# andif NPS UPS

menu str f7, menu str fS,
menu~stirflO

static char 4'rv saw-menu2afj

menu stir sp,
NULL, NULL,
NULL, NULL,
menu str sffi, menu-strýsf,
menu-str-sf8, menu-str-sf9,
menu sir I 10

Uifdef NPS GPS
static char *rv saw-menu2b[l

menu-str sp, NULL, NULL,
menu sir sf3, menu str sfA,
NULL, NUTLL,
menu-sir_19, NULL, menu-str-flo

#endif N`PS-GPS

static char "'rv saw menu3[]

menu strap, NULL, menu-sir-af5, menu-sir-aff6, NULL, NULL,
menu sir at7, menu-sir-aft, NULL, menu-sir-af 1

UIPM. C



stauic char *rv saw a40

# ifdef NPS-GPS
menu str efl, menu str cO2,
Iifdsf NAWyROITRSAS
smeu -dt cf3, menu str cf4,

NULL1 NULL,
# andif NEW FILTER SPAS

NULL, NULL,
Null, NULJL-

# endif NPS-GPS

# ifdef NPS-RNDV
menu st-fir

# else
NULJL

# endif NPS-RNDV
menu -str -cf7, menu sir ct8, menu str cf9,
menu str f 10

static char *rv saw-monusO =

menu sirsp, menu str esc, NULL,
meu st-D m ez a ustr zoomx, menu str~panz. menu strPanx,
menu - tr home, menu str end,
nmeu str~fl0

static char **rv saw menu-lisiD =

rv saw menu , rv saw menu2a,
# ifdf N-PS GPS

rv saw menu2b,
# oadf NiPS GPS

r.'_saw -menu3, rvý_saw_umeu4, rvsaw menuS, NULL

static char *py menuf]

mmnu sir eec,

# ifdef NPS-GPS
menu str fi, menu sir f, menu sir f3,

uipx. C
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uasu str -ft, menu sir f5, uenu-str-ff,
NULL, meu_sir_19,

# else
NULL, NULL, NULL,
NULL. NULL, menu sir l6,
NULL, NULL,

# andif NPS-GPS

inenu-strflO

static char
# ifdef NPS-GPS

title -str_orbjpsfj w Orb-GlPS",
title sir apsaf 10] wSpassPSu,
*title -sir spas sc1J = (Spas-Gps", "spas-svp)

# endif NPSGPS
title str orb iif = 'Orb-INS",
title sir orb tgtf = "Targ-INS%;

static Nps lo fle,_header log file-header = {NPS Temporary Plot Data\x Ia0);

"* I have one of these structures per R~bar plot, the names are composed of
"* target first, chaser second.

#ifdef NPS UPS
static Nps rvplot info spssjps__orb~gps=

NULL, title,_stripes, title_sirý_orb~gps,
I ( 0.0, 25.6 ), ( 0.0, 25.6/32){ 0.0, 25.6))
NPS-axis-Z, NPS-axis-X

NULL, 0, 0,0,NO,
rv-nw-menuulist, 0, YES, NPtrvplotrv,
agpsogps-aps', &logjile header, (0),

&spusgps, &orbjps, &nps..pedictor, 0.0, 0.0

static Np. rvplot info "_paspsorb ins=

NULL, title _stripes, title sir orbins,
{ 0.0, 25.6) (0.0, 25.6/32), ( 0.0, 25.6))

NPSaxisZ, NPS-axisX
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NULL, 0, 0,0NO,
rv-nw- mwujist, 0, YES, NPSjvpk*_yv.

ag .1966aps &og file hoaderp (0)
&apasjp, Acib ins, &apsprsdcto, 0.0, 0.0

static Np. rVploiinfo orb~jpe_prb_ins
I

NULL, title air orbjps, title sir orb ins,
( (0.0, 25.6/32 ), 4 0.0, 25.6/32)j, (0.0, 25.6/32))
NPS-axsZ, NPS axis X

NULL., 300, 0,0NO,
iv saw._menu Jist, 0, YES, NPS rvplot iv,
"ogpmoins.npo", &Iog~fl~e header, (0),

&orbgps, &orb ins, &apspredictor, 0.0, 0.0

static Np. rvplotý_info spasWps rb igt

NULL, titl, _sirspais, title _sr -orb gt,
( (0.0, 25.6/32 ), ( 0.0, 25.6/32) (0.0, 25.6/32))
NPS axis Z, NPS axisX

NULL., 800, 0,0NO,
rysaw menu ist, 0, YES, NPS rvplot iv,

&spasgp, &orb itgt, &npspredictor, 0.0, 0.0

static Np. rvplotinfo orb tgt__orbjgps=

NULL, title sir _orb tgt, title intr _orbjps,
I((0.0, 25.6 ), ( 0.0, 25.6/32) (0.0, 25.6))
NPS-axia-Z, NPS-axis-X

NULL, 800, 0,0,NO,
iv aw en lit,0, YES, NPS rvplot iv,

"otogps.nps*, &log file header, (0),
&orbtgt, &orbjps, &apspredfictor, 0.0, 0.0

#endif NPS UPS

static Npsjvplot info orb igi orb ins=

ups. C



npu . c

NULL, title utr orb _tgt, tide at,'orb ins,
( ( 0.0, 2516),- (0.0. 25.6/32, (0.0, 25.6),
NPS-axis-Z, NPS-axis-X

NULL, 300, 0,0,NO,
rvsaw -menu list, 0, YES, NPSrvmplot~rv,
a'ogtoins.nps;', &log file header, (0),
&orbý_tgt, &orb-ins, &pa~psjedictor, 0.0, 0.0

*I have one of these structure per difference (sawtooth) plot.

Oifdof NPS-GPS
static Nps diffplot info orb sawtooth-

/ * Nps~plot info displays[2] 1
('UPS/INS Plosition Difference vs. Time',

title str _orb~gps, tide-str-orb-ins,
( (0.0, 60000.0 ), ( 0.0, 4.0) (0.0, 0.0))
NPS axis Y, NPS -axis X),
'GPS/INS Velocity Diifference vs. Time",
title_strý_orbjps, tide-str-orb-ins,
( (0.0, 60000.0 ), ( 0.0, 0.004,{ 0.0, 0.0))
NPS-axis-Y, NPS-axis-X

NULL, 0, 0,0NO,
0.0, rv-saw -mnua fist, 0, NPS diff pos,
'orb saw.nps', &fog flhedr, (0),

&ort~jps, &orb-ins

static Nps diffplot info tgt sawtooth=

( * Npe~plotinfo displays(2] 1
"SPAS/TOT Position Difference vs. Time',
tide stk spas, tide str -orb -txt,
( (0.0, 60000.0 ), ( 0.0, 4.0) (0.0, 0.0))
NPS axkY, NPSaxisX ),
'SPAS/TOT Velocity Difference vs. Time',
titleLstr spa, ftide str orb tgt,
I((0.0, 60000.0 ), ( 0.0, 0.004) (0.0, 0.0))
NPS-ais-Y, NPS-axis-X

NULL, 0, 00,NO.
0.0, rv saw menu list, 0, NPS-diff pos,
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"tgt~saw.npe", &log file -header, {0),
&q=_pasp, &orbtgt

#endif NPS UPS

*I have one of then. utructures per pitch-yaw plot.

Widef NPS GPS
static Nps~pyplot info orbjpspy=

NULL, title strý_spas, title str .orb~gps, py~menu

#endif NPSUPS

static Npgpyplot info orb insy

NULL, title str orb~tt title str orb~is ften

#ldef NPSUPS
static NpsMylot info orb ins spas_)pspy

NULL, title_strý_spas, title-str-orb-ins, py~menu

#endif NPSUPS

static int npsjpy~plot = NPS-orb ins~pitchjyaw;

static double prey _show time, prey save time;
static double sample-rate-show - 0.0, sample rate save =10.0;

static double prop-step = 10.0; /10 secs
static double prop max time -1800.0; /30 minutes
static int prop-chk input time = NO;

static int nps-menu-frozen = NO;

static int gdriver - DETECT, gmode;

static int nps save -floppy = NO;

=== = = == == = =-----------
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Widef NPS UPS
static Np.fIlter info orbSps fdltr

NO, NO, NO, /* on, auto raun, input sved *
9.0, 300.0, 0.0, 1* save step, rerunute, next-reawn
(0), /* input vector
0, 0, NO, /* prey sample, next-sample, full
(0) /* ning buffer

Mldef NEWFILTER SPAS
static Np. filter-info spas-Mps iter-

NO, NO, NO, I* on, auto-rerun, input saved *
9.0, 300.0, 0.0, I* save step, rerunste, next-rerun *
(0), /* input vector *
0, 0, NO, /* prev sample, next sample, full *
(0) I* ning buffer *

#endif NEW FILTER SPAS
#endif NPSUPS

Ddefin RINGMAXDEFAULT 0x800

int ups system init()

static char
ring~evjlname[l - "NPS RINGMAX",

# ifdef NPSUPS
ibiad_env_nameD1 = *NPSILOAD",
iload filefl - 'tans.ild",

# endiFNPiUPS
coofig-flle = *nps.cfg",
fmntl[o = *%i%*[^\n]%*lc";

FILE *config;
char *filename, *rig_max;
ushort ring max mem;

usbort cfg_ meml, cfg mem2, cfg mem3, cfg_ mem3a, cfg mem4, cfg~mei4a;
ushort cfg mem5, cfg mem6, cfg emm, cfg_fip, cfgjyear;

*Blatant kiudge until we can find the source of overflow errors.

*1.



sagnalSIGFPE, SIQ-IGN);

if (popniO--NO) return NO;

# fdef NPS GPS
if ((filename - etenv(iload-ccv-name)) --= NULL) filename =iload-file;

if (nps_ wgs84 read_iloed(filename) = NO)

printf("Can't open iload file < %s >\n*, filename);
return NO;

# endif NPS UPS

nps-P.Drng.mode -ON;
upsP.Drag.solar-flux -185.9593403793603;
cps_P. Drag. muqnsolar-flux = 178.6447698684861;
cpsP.Drog.geonmagneic~index~ap = 19.87811961456716;
nps-P.Drag.bullistic-number = 64.0;

ups P.Gmvity.number-zonal =4;
ups P.Gravity.number-tesseral =4;

instantiategotpt( 1, &nps_P);

if ((ri&..rax - getev(ning_.env name)) ! = NULL)

sscaf(ring max, "%i*, &ring~maxmrem);
if (ring max-mem < 1024) ning~max-mem = 1024;

else ringmax acm = RING, MAXDEFAULT;

cfgmeml = cfs-mem2 =cfkgmem3 = cfsg..mez3a=
cfgmpem4 = cfgnimmoa =cfgwme5 = cfg zme6 =0;

cfg__lp = NO;
efg-year NO;
cfg ema YES;

if ((config =fopen(configjlMe, "rt*)) !=NULL)

fI fcnift,&f~el) *Sa-p sObgsR
fscanf(config, fmntl, &cfg~mem); /* Spas-gps vs Orb-ins RV /

fscanf(config, finti, &cfgazea3); /* Orb-gps vs Orb-ins RV ~

n~pa.c



nps. c

f'scanf(confit, find, &c(Smem3a); /* Orb-gps vs Orb-ins SAW /
ficanf(config, finti, &cfginom4); /* Spas-gps vs Targ-ins RV *1
fscanf(confiS, finti, &cfgnrom4a); /4 Spas-gpo vs Tall-ins SAW 4

fucanf(configl, fmnti, &cfg..mein); /* Targ-ins vs Orb-gps RV 4

fucanf(config, finti, &cfSgmem6); /* Targ-ins vs Orb-ins RV 4

facan~confiS, finti, &cf&_emm); /* Expanded memory yes-1/no-'O/
ficanf(config, fmntl, &cfgjflp); /* Save to floppy yes= I/noO 0
fscanf(conflg, fint I, &cfg~year); /* Year for propagation math 4

fclome~config);

if (cfg~emin) emmininfo -construct(&nps_.emnuuinfo);
UPS save floppy = cfg-flp;
if (cfgjear) bgpwopjear(cfgjyear);

# ifdief NPS GPS
if (nps rvplot -data int(dspas~gps__orbjgps, ring max mew, cfg_mem I, &nps~emxn,_afo) ==NO

IInps rvplot dala init(&spAS gps__orb ins, ring max mem, cfg~mm2, &nps_ýemmninfo) =NO

nps rvplot -dat _init(&orbgps orb ins, ring nmax,_me, cfg~mexn3, &nps~ecmji nfo) =NO

III ups diffplot-data-init(&,orb sawtooth, nag_waxmetn, cfg_ýmm3a, &nps_ emininfo) = NO
I ps rvplot data init(&spasgpoorb _tgt, ring max mew, cfgmwem4, &nps emni- info) =NO

n ps _diffplor data init(&tgt sawtooth, ring wax_mem, cfg mem4a, &nps emm info) = = NO
n ps rvplot data init(&orb tgt _orb~gps, ring max mew, cfgwcemS, &nps emrn,_info) =NO

I nps rvplot data~init(&orb tgt orb ins, ring_max_mew, cfg_,mm6, &nps_.emm info) ==NO)

# else
if (nps rvplot dafta init(&orbtgt__orb ins, ring_max_morn, cfg~mem6, &npsemm info) = NO)

# endif NPSGPS

printfC'Out of memnory, set %s cnv-variable to < %04X\nOr change file %s\n",
ring cay name, ring max,_mem, config_file);

return NO;

#idef DEBUG
gdriver -edit integer("Change gdriver ? ", gdriver);
ginode =editjinteger(PChange bimode ? w, gmode);
#endif DEBUG

return YES;

static void npo system savc(void)

if (ups savejifoppy = NO && getdiskO < 2) return;
# ifdcf NPS-GPS

ups rvplot data save(&apasjpsorb _ins);
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nps~rvplot-datasave(&spasjpsorbjp);
nps rvplot data save(&orbps orbý_ins);
upsrvplot data-save(&spasjps orb _tgt);
nps diff lot datasavc(&orb sawtooth);
nps diffplot~data_save(&tgt sawtooth);
nps~rvplotdatasave(&orbtgt__orbgps);

# endif NPS UPS
nps rvplot data save(&orb _tgt orb ins);

void nps system-stopO

# ifdef NPSGPS
nps nvplot data stop(&spas~gps orb ins);
nps~rvplot data stop(&spas~gpsorbgps);
ups rvplot data stop(&orbjps orb _ins);
nps rvplot-data-stop(&spas~ps orb tgt);
umpsdiffplot data _stop(&orb_sawtooth);
nps diffplot data _stop(&tgt sawtoothi);
nps~rvplot is~ta~stop(&orbtgt~orbgps);

# endif NPSGPS
ups rvplot _dv, ký x 'i&orb tgt orbjins);
nps _systcawisaP.'

int nps _display init(void)

static int first-time =YES;

static char blank[] "=
static char c-test[] =W"

if (first -time)

int errorcode;
Wldef DEBUG
int xmax, ymax;
#endif DEBUG

initgraph(&gdriver, &gmodc, blank);
if (gdriver ==CGA)

Ilx
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gdriver = ATT400; gmode =AT17400HI
closegrapho;
initgraph(&gdriver, &gmode, blank);

if ((errorcode - grapbresultO) ! = grOk)

//clowegrapho;
printf("Graphics error: %s\n", grapherrormsg(errorcode));
printf("Press any key .. ;keyjgetO;
return NO;

getviewsettings(&nps graphics-info. main view);

#ifdef DEBUG
closegrapho;
xmax = nps-graphics -nfo. mainyview.rigbt + 1;
npsgraphics~info.main,_view.right = edit integer('xmax ? ,xmax) - 1;
ymax = upsjgrphics info.main-view.bottom + 1;
npsgrpvhics info.main view.bottom = edit integer(nymax ? ", ymx - 1;
inmtrp~h(&gdriver, &gmode, blank);
#endif DEBUG

nps graphics -info.xmax = nps~graphcs-info.main-view. right + 1;
npsjgraphics-info.xmid = npsjgraphics-info.xmaxl2;

ups _graphics -info.ymax = psjraphics info.main-view.bottom + 1;
ups graphics info.ymid = psgraphics-info.ymaxI2;

settextstyleSMALLFONT, HORIZDIR, npsraphics-info.font-size);
nps-graphics -info.c-width =textwidth(c _test);
nps graphicsminfoxc height =textheight(c test);

#lfdef DEBUG
npsjraphics infoxc height (intX(double)npsgjraphics infoxc height

* (double)n~psgraphics -info.ynmx / (double)ymax);
npsjraphics infoxc widith - (int)((double)nps~graphics info.c-width

* (double)nip~sgraphcs info.xmax / (double)xmax);
#cndif DEBUG

first-time - NO;
closegrapho;
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nps ~phics info.in~graphics-mode - NO;

nps-subjilot - NPS main menu;
ups menu displayWntO;
return YES;

static void ups display graphics(int graph mode)

void upsdisplay~grphics(int graph mode)

if (nps ub~plot -NPS edit menu) edit screen stopo;
if (graph mode)

if (ups graphics info.in~graphics_mode) return;
initgraph(&Sdriver, &gmode, "");
upsjgraphics info. in~graphics mode = YES;

else

if (ups graphics info.in graphics-mode = = NO) return;
closegrapho;
ups graphics info. in~grphics mode =NO;

void nps~displsy~stop0

ups displsygraphics(NO);
ups subjplot = NPSnmax;
ups dap on = NO;

int ups bgprop(State vector *~sv, double new-time, double input time, int is-orbiter)

double dt = new-time - sv- >time;

if (prop chk,_input time && new time - input time > prop max,_time) return NO;

if (dt > prop max time IIdt < 0.0) return NO;

if (dt > l.Oe-5)
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ups P.Drag.builistic number
(is orbiter ? orb ballstic number spas ballistic _number);

bgPrOP(Ev-> time, &sv->Po., &sv->vel, &nps_ P. dt, propastep, &sv->pos, &sv->vel);
sv->time new time;

return YES;

static void npsjpropagaWe al(int find-new time, double new-time)

if (find -new -time)

new time = (orb ins.sv.time > orb tgt.sv.time ? orb-ins.sv.time orb tgt.sv~time);
#f ifdef NPS-GPS

if (orb~gps.sv.time > new time) new-time = orb gps.sv.time;
if (spasjps.sv.time > new-time) new-time = spas~gps.sv.time;

#f endif NPSGPS

ups_newest-time = new-time;

# ifdef NPSGPS
if (nps bigprop(&orbgps.sv, new-time, orbjgps.input.time, YES) == NO)

orbg.ps.got_one = NO;

if up bgro(&sasgps.sv, new-time spjp.input.time, NO) = = NO)
spas gps.got one = NO;

# endif NPS GPS

if (ups bgprop(&orb~ins.sv, new-time, orb-ins. input. time, YES) == NO)
orbJnis.gotone = NO;

if (ups bgprop(&orb tgt.sv, new-time, orb -tgt. input. time, NO) = =NO)

orb tgt.got one = NO;

static void up. data update ai(void)

# ifdef NPS-GPS
ups rvplot data update&apajps rbjgps);

npB.C



ups rvplotdataypda(&apasgMpsrb_ins);
nps rvpltaapae&psp~r~g)
nps diffpio _data update&tgtsawtooth);
ups rvplot data update&orbjWpe rb _ins);
npsdiffplot dtadatate(&&orb sawtooth);
nps~rvploý_dataupdate&orbtgtorbgps);

# endif NPS-GPS
nps_ plot data pdate(&orbtgt__orb ins);

void nps data,_update(State vector *orb-ins-in,
Quaternion *orb _quat in,
State vector *orb_tgtin,
Stateivector *orbgpM~i,
State-vector %orb_gps ecefin,
State-vector *spas_sv~in,

Stt~ector *spas gpsin)

double new-time;
int show-me, save-me;

# ifdef NPSOPS

if (orbps. source !=ORBGPS m50)
orbjpsin = orbWjpscef in;

if (orbjps.fix time) orbjps in-> time + = orbjps.dtiine;

if (orbgps.in use && orbjps in-> time > orbjps. input. time)

if (orbgp.source !-= ORBGPS~m5O)
npswgs84_tomsOorbjsin, orbgpsconverter, YES);

if (orbps filter.on = = NO) orbjps.sv = *orbjps in;
orbjgps.input - *orbgps in;
orbgps.got_one = YES;

ups filterý_data_update(&orbgps filter, orbgps i);

if (orbjps~filter.on)

if (orbSps filter.auto rerun
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&& orbjps filternext-rerun < -orbWaflltr. input~vector. time)

nposP.Drag.ballistic number - orb balistic number,
np9_filter__run(&orbjps filter, &orbjps.sv, &npsP);

# endif NPS-GPS

# ifdief NIPS-GPS
if (spasjps.source ! = SPAS spasMp) spasjpin = spas-sv in;

if (spas-gps.fix time) spasps in- >time + = spasjps.dtime;

# ifdef NEW FILTERSPAS
if (spas-jps.in use && spas~gps in- >time > spas gps. input. time)

if (spas gps.source -= SPAS~pSps~)
npswygs84_tomSO(spasjgpsjn, spas gps converter, NO);

else npsj2000ýto~m5O(spasjgpsin);

if (spasgps fllter.on - NO) spasgps.sv = *spasjgps in;
spasjps-input = *spasgps in;
spasW-Sgotone = YES;

nps filterý_dataý_update&spasjgpsfilter, spasjgps in);

if (spasgpsfllter.on)

if (spas~gps filter auto rerun
&& spas~gps fllter.next-rerun < =spasgps filter. input-vector. time)

nps P.Dmag.ballistic number = orb ballistic number;
nps filter rnm(&spas.Jpsfilter, &spusgps.sv, &nps-P);

if (spasjps.in-use && um~paspin-> time > spasjSps.input.time)

if (spasjps.source ==SPAS spasjgps)
npswgs84_toým5O(spasjpsm.i, spasjgps.converter, NO);
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else npsj200q0toanSOqpasjpsin);
qmsgs-uv - "pusjs-inut - *spaS8pS in

upmss~gt ce -YES;

# mndif NEW FIUER SPAS
# andif NPS-ZPS -

if (orb-ins.fix time) orb ins-in- > time + -orb ins.dtime;

if (orbjins in-use && orb ins in- >time > oirb ins.input.time)

orb ins.sv - orb isipt= *orbý_insl;
orb-ins. got one -- YES;

if (orbquat.in-use && orb._quat in- >time > orbquat.input time)

orb quat.quat = *orbquat in;
orb quat.input time = orbquat in-> time;
orb quat.got one = YES;

if (orbtgt.in use && orbtgtin-> time > orbtgt.input.time)

orb -tgt.sv = %rbtgt in;
orb tgt.input = %rb tgt in;
orb~tgt.got one - YES;

new time (okbins in-> time > orb tgt in- >time ? orb-ins-in-> time orb tgt in- >time);
# ifde NPS GPS

if (oirbjgps in- > time > new~time) new-time = orbgps in- > time;
if (spasjpsin-> time > new-time) new time = spaspsin- > time;

# endif NPS-GPS

if (npssub~plot < NPS edit menu && new-time > prv~shw~time + sample-rate-show)

show-me = YES;
prey show time - new time;

else show-me = NO;

lpa. c
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if(ewtm> prysv ie+ apert ae

save-me -YES;
proysve time= - ew time;

else save me - NO;

if (save..e - - NO && sbow-me -NO) return;

npeyropapgcatef(NO, newtime);

if (save.me) nps data update_allo;

if (show..-m- NO) return;

if (npsjweodictor.on && npspredictor.next-time < npsx_newest_time)

npsjnedictor-on - NPS~predict-now;
npsjweodictor-next time - pe newest time + npsypredictor.delay;

switch (npssubjilot)

case NPS num -mean:
if (apsemean frozen -=NO) aps menu display updateO0;
break;

# ifdef NPS UPS
case NPSspasjSpsorwbjps:

nps~rplotdisplay~update&spasjporbjp, spasjps in- > time, oirbjps in- > time);
break;

cawe NPSspasjgps__orb ins:
nps rvplot display update&spasjps orb_ins, spasjpsin-> time,- orb ins in- >time);
break;

case NPS orbSps-orb-ins:
apsrpWot isplay update&orbgps__orb ins, orbp. in->time, orb ins in- >time);
break;

case NPS orb sawtooth.
aps dif-fplot disply update&orb sawtooth, orbjps in-> time, oirb-ins-in-> time);
break;
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cmn NPSupmjpsorbtgt:
npajvpiwdisplyyupdaWs&spasjpsotrbjitt u~pasjn- > time, orb tgt in- > time);
break;

can NPStgtmswtooth:
uPs difFPlOtd&ispaYjapdate tgtswtooth. qpasjpin- > time, orb tgtin-> time);
break;

can NPS_orb _tgt ..orbjps:
ups rplot -display udae&orbý_gtorbjps, orb tgt n-> time, orb gps-in-> time);
break;

# endif NPSGPS

case NPS~orb tgt orb ins:
ups rotdispoay~update(&orbjgt~orb_ins, orbý_tgt in- >time, orb ins in-> time);
break;

# ifdef NIPS GPS
cmn NPS~orb~jpsjxtch~yaw:

if (q=pasjpgot.on & orbjps-got_one & orb quat.got_one)
nps~ypiot~display~uda&orbWjpsy, &spasgps.sv, &orbgps.sv,

&orkbquat.quat, upasjps in- >time, orbjps in-> time);
break;

cas NPS orb ins spasjppitchyaw:
if (orbjins.got_one & spasgps-got~one & orb quat-got _one)

nps~pyIcýdisplayapht&orbýns..spasjps.py &spajps-sv,
&olrbins.sv, &orb _quat.quat, spagps in-> time, orb ins in-> time);

break;
# endif NPSGPS

case NPS orb insjitchjyaw:
if (orb tgt.got~one & orb ins.got_one & orbquat-got_one)

nps~pyplot display update(&orbinspy &obtts,&ris.sv,
&orbquat.quat, orbtgt in->time, orb-ins-in- >time);

break;

default: break;

if (nps~predictor.on -=NPS~prdict now) npsjweodictor-on =NPSjxedict on;

void upsjdata flushO

ups .



# ifdsf NPS GPS
npa filterdam flush&orbjpsfllter);

# ifdsf NEW FILTERt SPAS
up@_filter m_daafluub(&sgsps Wfilter);

# endif NEiW FILTE SPAS
# endif NPS ZUPS

# ifdief NPS-GPS
SPAS-Ps.hnput.time
orbjps.input.time

# endif NPS-UPS
orb ins. input-time=
orbquat. input time=
prey show time =
prey save time = 0.0;

# ifdof NIPS GPS
UPS rvpiot data -flush(&spasjps orb~jp);
nps rvplot data flush(&smpasjporb_ins);
ups rvplot data flusb(&orbjps orbins);
nps rvploi data flush(&qmpasjps rbtgt);
ups diffplot data- flush(&orb awtooth);
nps diffpoiotdata flush(&tgtsawtooth);
nps~rvplot data-flush(&orb-tgtorb-jps);

# endif NPS UPS
nps rvplot data flush(&orbtgt orbins);

static void ups data_flush_one(int plot)

switch (plot)

# ifdef NPS UPS
case NPSspmasjgpsorbjps:

ups rvplot__dataý_flush(&spasjporbgps);
break;

case NPS _qspas.Jq rb ins:
nps~rvplot__data-flush(& pus orb ~ins);
break;

case NPS orbjps orb ins:
nps~rvplot__data-flush(&orb__ps rbins);
break;

case NPS orb sawtooth:
npg diflrlot data flush(&orbsawtooth);
break;

~ps. .c



upa. .c

case NPS-spasSpsorb tgt:
nps~rvplot__data-flush(&apasjpsorb tgt);
break;

cane NPS _tgt sawtooth:
nps diffplot-daftflusb(&tgt~sawtooth);
break;

case NPSý_orb _tgt orbgps:
nps~rvplot__data-flush(&orbtgtorbgs);
break;

# endif NPSGPS
case NPS orb _tgt orb ins:

nps~rvplot__data-flusb(&orb _tgt orb _ins);
break;

* Returns:
* 0 Didn't use the key
* I Used the key
* 2 Used the key, My subsystem is done

int nps key handier(int key)

int rc;

if (nps dap n)

if (nps dap__key handler(lkey) ==2) nps~dapon NO;
return 1;

switch (nps~subjpIot)

case NPS main menu:
rc = NO;
break;

# def NPS GPS
case NPý_qspasjpsrbjps:

rc = nps rvplot key handler(&spas..ps orbgps, key);
break;

case NPS spasgps orb ins:
rc - nps rvplot key~hadler(&epas...ps~rbý_ins, key);
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break;
cawe NPS _orbjps orb ins:

rc =nps~rvplotkeyandler(&orbjps__orbins, key);
break;

case NPS orb sawtooth.
rc= nopa iffplot key handler(&orbsawtooth, key);

break;
case NPSspas..gpskorbg:

rc - nps rvplot key handler(&spasps_rbý_tgt, key);
break;

case NPS tgtsawtooth:
rc = nps _diffplot key_ bandler&tgt sawtooth, key);
break;

case NPS -orb -tgt orbgps:
rc = nps rvplot keybadler(&orbrtgt__orbgps, key);
break;

case NPS orb psjpitchjyaw:
rc = nps~pyplot keyhandler(8wrb gps~py, key);
break;

case NPS~orb~inspasMpsitch~yaw:
rc = nps yplot key handler(&orbins spasjgpsjpy, key);
break;

# endif NPSGPS
case NPS -orb tgt orbins:

rc = aps rvplot key handler(&orbtgt__orbkins, key);
break;

cas NPS _orb ins~pitchjyaw:
rc = npsjpyplot key bandler&orbinsýy, key);
break;

case NPS-edit-menu:
rc = nps edit-menu key handler(key);
break;

default: rc - NO; break;

if (rc > 0)

if (rc -= 2)

nps~dispiy~jraphcs(NO);
nps sub-plot - NPS main maenu;
nps menu _displayintO;

return 1;
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return ups menu,_keyhandler(key);

* Returns:
* 0 Didn't use the key
* I Used the key
* 2 Used the key, My subsystem is done

static int nps mmeu key handler~int key)

nps-meu-frozen = NO;

switch (key)

case KEY eac:
nps__displayjraphics(NO);
ops subjplot = NPS-max;
return 2;

# ifdef NPS-GPS
case KEY fl:

if (nps subjplot = NPS_spsps~orbjgps) break;
npsdisplay~grphics(YE);
ups ub~plot = NP!ýspasWpsorbjps;
nps~rvplotdisplay~init(&spas~gpsorb~gps);
break;

case KEY f2:
if (ups sub~plot ==NPS spas gpsorb ins) break;
nps displayjraphics(ME);
ups sub~piot = NPS _spas.Jps orb _ins;
nps rvplot disp nyint(&spasjps orb ins);
break;

case KEY f0:
if (upssubplot ==NPS orbjps mrja) break;
ups displayjgraphcs(YES);
ups sub~plot = NPý_orbjgps_oqrbjins;
nps~rvplotdisplay~init(&orbgpsorbins);
break;

case KEY shft-f3:
if (ups ub~plot = = NPS~orbusawtooth) break;
nps displayjap~hics(YE);
ups sub~plot = NPS -orb sawtooth;
ups diffplot display init&orb ~saw~tooth);
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break;

cawc KEY-f4:
if (nps sub~po NPS pagsorb tgt) break;
ups displayraphcs(YE);
nps. sub~plot = NPS~spasjps_orb_tgt;
np. rvplot display init(&spasjpsorb tgt);
break;

case KEY shft-f4:
if (op.s"b~plot ==NPS _tgt sawtooth) break;
np. displayjgrWphcs(YES);
np.sumbjplot - NPS tgt__sawtooth;
ups diffpIot d~splay init(&tgt sawtooth);
break;

case KEY-f5
if (nps subjpIot =NPS-orb-tgt orb gps) break;
ups display graphics(YES);
aps _sub~plot = NPSorb~tgt~orbjgps;
npsrvplot-dispiay~init(&orh~tgt~orbjgps);
break;

# endif NPSGPS

case KEY-f6:
if (up. subjplot =NPS orb tgt orb ins) break;
nps display graphics(YES)
nps subjplot = NPS orb tgt orbjins;
nps rvplot _display_init(&orb_tgt__orbLns);
break;

case KEY 1`7:
if (np. subyplot =NPS-orb-tgt orb ins)

nps rvplot -display fuzture(&orb tgt__orbý_ins);
# ifdef NPS-GPS

else if (npssubyplot - NMsspasM__orbgps)
nps~rvplot-display_ýure(&spasgpsorbgps);

else if (nps. subylot = = NPSspas~gpsorb._ns)
op. rvplotdisplayuwre(&spasjps.orb_ins);

else if (nps_ subyplot = = NPS~orbýt~orbgps)
npsrvplot displayfuure(&orbjgt~orbgps);

# endif NPS-GPS
break;

case KEY ffi:
npsyredictor.on - (npsymredictor.on ? NPSypredict off :NPSypredict on);
upsypredictor.next time* = 0.0;
break;
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# ifdef NPS-GPS
case KEY_19:

if (nps sub~plot ! NPS-orb insypitchjyaw
&& ops subjplot' NPS orb gps~pitchj'aw
&& nps uubjplot !=NPS orb ins spasjps~pitchjyaw) break;

if (npsepy~plot - - NPS~orbý_gps~pitch..yaw)
npsjpy~plot = NPS-orb ins spasgpsypitchj/aw;

else if (npsjpy~plot -- NPS-orb-insý_spasWpsitcbjyaw)
nps~py~lot =NPS orb insypitcbj'aw;

else nps~pyJplot =NPS orb _gpsypitchbjaw;
# endif NPSGPS

case KEY-altf5:
if (npssubyplot = = nps~pyjplot) break;
nps displayjraphics(YES);
nps sub~plot = npspy~plot;

# ifdef NPSGPS
npsypyplot -displayjinit(

(npsjpyplot = = NPS orb gpsypitch~yaw
? &okbps-py

(npspyyylot NPS-orb-insjpitchjyaw
? &orb -insjpy
:&orb~ins spas gps-py)));

# else
npsypyplot -displayjini(&orb-fl5J3y);

# ~endif NPSGPS
break;

case KEY alt f6:
if (ups sub~plot = = NPS -orb -tgt orbjns)

nps~pyplot~display~stats(&okbins~py, &orb~tgt.sv,
&orb-ins.sv, &orb~quat.quat);

# ifdef NPSGPS
else if (nps,_sub~plot = = NPS _spas gps..orbgps)

nps~pyplot...display~stats(&orb....s~p5Jy &spasjps.sv,
&orb~gps.sv, &orb~quat.quat);

else if (ups subyplot ==NPS spasSpsorbjus)
npsjpyplot -display..stats(&orbjfls..py, &spasgps.sv,

&orb-ins.sv, &orbquat.quat);

else if (np. sub~plot = = NPS~orb~tgt..orb~gps)
npsypyplot -display..stas(&orbAnp5Jy, &orb-tgt.sv,

&orbgps.sv, &orb~quat.quat);
# endif NPSGPS
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break;

cone KEY alt M7
npsd4asafluh~orn(npsmbjplot).
break,

case KEY alt fg:
ups~datafushO;
break;

case KEY alt f 1:
nps systen saveO;
break;

# ifdef NPSGPS
case KEY cntl fl1:

if (orbps filter. ringfull ==NO) break;
orbWpfilter.on = YES;
ups P.Drag.ballistic-number =orb ballistic-number;
nps filter -unm(&orbps filter, &orb_.gps.sv, &npsP);
break;

case KEY cntl f2:
orbo-gps fiiter.on = NO;
break;

# ifdef NEWFILTER SPAS
case KEY cntl f3:

if (spasjps filter.ring full == NO) break;
spasjsps-filter.on = YES;
nps P.Drag.ballistic -number = spas__ballistic -number;
nps filterMnm(&spasgps filter, &spas gps.sv, &npsP);
break;

case KEY cntl-f4:
spasjpsfilter.on = NO;
break;

# endif NEWFILTER SPAS
# endif NPS-GPS

case KEY cntlMf:
case KEY coti 17:

if (upssubyplot = NPS orb tgt orb ins) npsdapplot =&orbtgt_orbjins;

# ifdef NPSGPS
else if (ups subyplot = = NPS spas~gps__prbgps) ups dapjplot =&spaspsorbgps;

else if (nps subylot = = NPasgwps rb ins) upk dapyplot =&spasgps orb _ins;
else if (npsaubyplot = = NPS orbtgt_2orb gps) nps~daRpylot =&Orbjtgt orb gps;

# ~endif NPS-GPS
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else break;

if (key -- KEY_cuti_f7)

npsfiapyn = YES;
nps dap display inito;

else ups,_mdv inito;
break;

case KEY cati tg:
npsjpn;dictor. thrust l.on = NO;
break;

cawe KEY catd M9
npspropagate~all(YES, 0.0);
if (ups newest time > prey_save_time)

prey save-time = upsý_newest_time;
ups_ data update _allO;

break;

case KEY flO:
if (ups subjplot = NPS -edit -menu) break;
ups displayjgraphics(NO);
nps...sub~plot = NPS_edit_ýmenu;
ups _edit -menu-display initO;
break;

case KEY -alt-fi:
ups _menujfrozen =(nps menu-frozen ? NO : YES);
break;

# ifdef NPSSIM
default:

return NO; IINOTE do not leave this in FLIGHT version
# endif NPS-SIM

return YES;

static void ups menu _displayWnt(void)

static char bar[] = "\xc,4\xc4\xc4\,cc4\xc4\xc4\xc4\xc4\xc4\xc4"
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"\4•x\xo4\x xc4\xc4\x xc4 \xc4";

static Edit_label title labels[]
{

(1, 1, 'Naval Postgraduate School - Plotting Functions'},
(2,11, '-Original- -Propagated---' },
{1,62, 'Vectors in Kft'),

(3, 1, title str orb ins),
{ 3,12, 'X- ), { 4,12, 'Y' }, ( 5,12, -Z' ), { 6,10, 'wag' ),
( 9, 1, title str orb .tgt ),
(9,12, WX ), {10,12, -Y'), (11,12, 'Z-), (12,10, 'wag' },

# ifdef NPS GPS
(15, 1, title str orb gps },
(15,12, 'X' ), (16,12, 'Y' }, (17,12, "Z" ), (18,10, "mag' ),
{17, I, 'filter" ),
(21, 1, title strspas },
(21,12, 'X' ), 122,12, -Y' ), (23,12, "Z" ), (24,10, "mag" ),

# endif NPSGPS

(13,60, bar),
(14,61, 'ESC Return to prev'),

# ifdef NPS GPS
(16,61, 'Fl Spas/Orb GPS rv'),
(17,61, 'F2 Spas/Orb INS rv" },
(18,61, "F3 Orb GPS/INS rv'),
(19,61, "F4 Spas/Orb TGT rv'),
{20,61, 'F5 Orb TGT/GPS rv"',

# endif NPS GPS
(21,61, "F6 Orb TGT/INS rv"},
(23,61, 'FIO Change Settings' },
(24,61, "Alt-Fl Freeze page" },
(25,60, bar

#define TITLELABELCOUNT (sizeof(title labels)/sizeof(Edit label))

Edit label *label;
int cut;

*/

cirscrO;

for (label = title-labels, cut = TITLELABELCOUNT; cut; cut-, label++)
{

gotoxy(label- > col, label- > row);
cputs(Iabel- > string);
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cut = 13;
gotoxy(59, cnt); cputs('\xda*);
while (+ +cnt < 25) ( gotoxy(59, cut); cputs(*\xb3");)
Botoxy(59, cut); cputs(\xcO');

nmps-juenuisplayjapdateO;

-----Original---- -- Propagated
Orb-INS X-11lll-1111 1111-1111111.11 Vectors in Kft

ddd/hh:mm:ss.sss ddd/hh:mm:ss.sss

static void ups mmeu display yec(int row, int col, Vector "'v, char *fint)

gotoxy(col, row); cprintf(fint, v- > x * MIOMTOJULOFT);
gotoxy(col, row+ 1); cpnintf(fint, v- >y * KCILOMTOKI- ELOFT);
gotoxy(col, row+2); cprintf(fmt, v->z *' KILOMT'OJULOFT);
gotoxy(col, row +3); cprintf(fmnt, vector magnitude(v) * KILOMTOKIILOFT);

static void nps menu _display sv(int row, int col, State-vector "'sv)

static char fmntjiosl] % %10.3f", funt vel[] ="%.;

double ti;
char work[2OI;

ups mcnu display vec(row, col, &sv- >pos, fint~pos);
ups menu display vec(row, col + 12, &sv- > vel, fmnt-vel);

ti = sv->time + 86400;
time-dbl -to -string(&tl, work);
gotoxy(col +3, row+4); cputs(work);

static void ups menu display updateO

up menu display sv( 3,14, &orb ins.input);
ups mnenudisplaysv( 3,36, &o"bn.sv);

ups menuudisplay.sxv( 9,14, &orbtg~unput);
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nps_meu._displaysv( 9,36, &orbý_t.sv);

# ifdef NPSGPS
ps menu_ display sv(15,14, &orbips.input);

nps menu. display sv(15,36, &orb.ps.sv);

gotoxy( 1,18);
if (orbgps filter.ringfull) cputs(ORDYO);
else cprintf(" %3d*, orb gps_filter.nextsample);
gotoxy( 1,19); cputs((orb_gpsfilter.on ? " ON" : 'OFF*));
gotoxy( 5,19); cputs((orb_gpsfilter.auto.rerun ? "AUTO": "

npsmenu.displaysv(21,14, &spas-gps.input);
nps menu displaysv(21,36, &spasgps.sv);

# endif NPSUGPS
I

* These are helper routines for the edit screen below.

#ifdef NPS GPS
static int filter_rerunput(char *work, void *data)
{

edit field_putdbl(work, data);
if (*(double *)data < 60.0) *(double *)data = 60.0;
return YES;

}
#endif NPSGPS

"* This is the edit-screen for NPS rates & steps, these structures must reside
"* in this file because they reference static variables from this file. These
"* structures should be static except for the screen structure, which is used in
"* the nps edit meau file.

*-123456789 123456789 123456789 123456789 123456789 123456789
* I Sample and Step Rates
*2
*3 Sample rates (in secs, 0 = fast)
* 4 plots show: X
* 5 buffer save: X
*6
*7 Orb-GPS filter save: X
* 8 auto-rerun: Y rer delay: X
*9
*10 SPAS-GPS filter save: X

rips. a
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*11 auto-rerun: Y rerun delay: X
"12
"*13 Step size for propagation (in secs): X
"*14 Maximum propagatioa time (in mcs): X
"*15 Test input vectors for max-prop time: Y
"*16
*17 Position predictor settings
"*i8 Points to display: X

"*!9 Step size (secs): X
*20 Auto-mode delay: X
* . . . . ., *1

lifdef NPS GPS
static char rate lbilfl - "auto-rerun: Y rerun delay:%;
#endif NPS GPS

static Edit-label ratelabels•]

(1,20, "Sample and Step Rates*),
(3, 4, "Sample rates (in secs, 0 = fast)*),
{ 4, 6, "plots show:*),
(5, 6, "buffer save:"),

# ifdef NPSGPS
(7, 4, "Orb-GPS filter save:"),
( 8, 6, rate Ibli),

# ifdef NEWFILTER SPAS
(10, 4, "SPAS-GPS filter save:'),
(11, 6, rate IblI),

# endif NEWFILTER SPAS
# endif NPS GPS

(13, 4, "Step size for propagation (in secs): "},
(14, 4, "Maximum propagation time (in secs): "},
(15, 4, "Test input vectors for max-prop time: "},
(17, 4, "Position predictor settings"),
(18, 6, "Points to display:*),
(19, 6, "Step size (sees):"),
(20, 6, "Auto-mode delay:')

Odefine RATELABELCOUNT (sizeof(rate_labels)/sizeof(Edit label))

static Edit-field rate-fields[] -
{

( 4,19, edit_fieldgetdbi, edit-fieldputdbl, editfield..key dbl, &samplerateshow ),
( 5,19, edit fieldget.dbi, edit.fieldjmutdbl, edit-field.key.dbl, &sample rate save

# ifdef NPS GPS
7,26, edit field.getdbl, edit field jputdbl, edit fieldkey dbl, &orb.gpsfilter.savestep },

(8,18, edit field_get yemo,editfield_put_yesno,edit field keyjesno,&orb.psfilter.autorerum
(8,35, edit.field getdbl, filter rerunput, edit field key dbl, &orbgps filter.rerun step),

# ifdef NEWFILTER SPAS
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(10,26. edit fei@djet dbl, edi fleld~put dbl, edit field keydbl, &apaWsjpfluter-save step)
(11,18, editfield ai~yeumo,ed-i lld~put~yemio,editfieildkey~yemho,&apsjps ýfilter~auto-rerun
(11,35, edit flsld~gsdbl, filter rerua~put, edit field-key _dbl, &asgp~sWfiter.rerun step )

# eadif NEW FILTER SPAS
# andif NPS UPS

(13,41. edit fleldgst~dbl, edit fleld~putdbl, edit field key dbl, &prop~step,
(14,41, edit fleldji~dbl, edit fieldWtdbl, edit field key dbl, &prop~max~time)
(15,42, edit flel~djeyeamo,edit fleld~put~yeso,edit-field key~yesno, &prop chkinput time)
(18,25, edit fleldet mt. edit fleld4.put mt edit field key mnt, &npsypredictor.steps)
(19,25, edit fleldjet dbl, edit fleldyut~dbl, edit field key_dbl, &npspredictor. step)
(20,25, edit fieldgetdbl, edit fieldjutdbl, edit field key_dbl, &npspredictor.delay

#define RATE FIELD COUNT (uizeof(rateý_flelds)/sizeof(Edit-field))

Edit screen nps ratescreen

RATE LABEL COUNT, rate labels,
RATE -FIELD 'COUNT, rate -fields,
NULL, NO, NUJLL, NULL

*This is the edit-screen for NPS Perturbations, same conditions as above.

*..123456789 123456789 123456789 123456789 123456789 123456789
I Propagation Perturbations

*2
*3 Drag Mode on: Y
*4
*5 Ballistic numbers
*6 Orbiter: X
*7 Payload: X
*8
*9 Drag Info

*10 Solar Flux: X
*11 Mean sola Flux: X
*12 Geomagnetic Activity Index: X
*13
*14 propagator Info
*15 Zonal Harmonics: X
*16 Tesseral Harmonics: X

static Edit-label pert labelsa -

(1,20, "Propagation Perturbations"),
(3, 4, 'Drag Mode on:"),
{5, 4, 'Ballistic numbers'),
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( 6, 6, Oibiter.),
( 7, 6, 'Nylcad:'),
( 9,4,'Draglnfor.ation),
(10, 6, SoIar Fluz:),
(11, 6, Mm Solar FIux:),
(12, 6, G.oumgnetic Activity Index:'),
(14, 4, Propaptor Inftwuuiioc'),
(15, 6, 'Zonal Harmonics:'),
(16, 6, 'Tesseral Hannonica:')

Ddefine PERT LABEL COUNT (siz.of(pert labels)/sazeof(Edit label))

static Edit field pert fieldef] =

I
(3,18, edit fieldjetj�esno, edit fieldpiatj�emno, edit field keyjesno, &nps P.Drag.mode),
(6,15, edit fleidjet dbl, editfieldputdbl, editfieldkey dbl, &orb ballisticnumber),
(7,15, edit fleidjet dbl, editfieidjutdbl, editfieldkey dbl, &spms ballistic number ),
(10,18, edit fleldjet dbl, edit fieldput dbl, edit field key dbl, &nps P.Drag.solar flux),
(11,23, edit fleldjet dbl, edit fieldyut dbl, edit field key dbl, &nps P.Drag.mean solar flux ),
(12,34, edit fleidjet dbl, editfieldjutdbl, editfield key dbl, &npsP.Drag.meansolar flux ),
{ 15,23, editfleldjetint, edit fieldyut int, edit field key mt. &npsP.Gravity.numberzonal ),
(16,26, edit fleldget mt. editfieldputint, editfieldkey mt. &npsP.Gravity.numbertesseral }

I;
#define PERT FIELD COUNT (air�of(pert fields)/sizcof(Editfield))

Edit screen npspert screen -

I
PERT LABEL COUNT, pert labels,
PERT FIELD COUNT, pert fields,
NULL, NO, NULL, NULL

----------- = = = ====- =

= ---- = ==== =

* These are helper routines for the edit screen below.

static Np. state vectorinfo svtemp;

static void statevector ucale(State vector %, double scale)
(

v->pos.x *= scale; v->pos.y '= scale; v->pos.z �= scale;
v->vel.x �= scale; v->vel.y �= scale; v->vel.z � scale;

)

static void svpre ucreen(Edit screen *screen)
(

Np. state vector info '�sv = (Np. statevectorinfo )screen-> data;
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if (8v &orb ins)

screw- >labels(OJ. string - "Orbiter Inertial State Vector';

elm if (sv m=&orbtgt)

screew-> labols[O].string - 'Orbiter Target State Vector';

# ifdief NPS_GPS
else if (sv =&apasBps)

screen- > labels[O].string = 'Spas UPS State Vector";
screw- >labels[ 1O].string

"Source for SPAS vector (0 SPAS-UPS, 1 SPAS-SV):';

else /* sv &orb~ps/

screen->Ilabels(O]. string = 'Orbiter UPS State Vector';
screen-> labels[I10]. string =

'Source for GPS vector (0 GPS-M50, 1 GPS-WGS84):'

# endif NPS UPS
sv_temp = *v
state -vector -scale(&sv~tenip.sv, 1KILOM_TO_KILOFI');

static void sv~post screen(Edit-screen *~screen)

Np._state_vector info *'sv = (Np. state_vector_info *)screwn-> data;

if (screen-> changed = = NO) return;

if ((sv- >in-use = sv teinp.in use) ==NO)

state -vector -scale(&sv teznp.sv, KILOFl7TTKJaLOM);
sv->sv = sv~temip.sv;
ov-> got one =YES;

if ((sv-> fix -tilme sv mtemp.fix time) - YES)
sv->dtime - svteOmp.dtime;

# ifdef NPS UPS
if (sv ==&Spasgps)

if (sv teinp.source < SPASsrcinax) spasjps.source = sfvtemp.source;
strcPy~title str spas, title -str spas srcspas-gps-sourceD);
if (sv temp.converter < NPSMS0cnv~maX) VUSPasgpconverter - sv~temp. converter;
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}
else if (xv - - &orbo.s)

if (xv_temp.source < ORBGPS srcmax) orbgps.source = sv_temp.source;
if (sv_temp.converter < NPS MS0_cnv max) orbgps.converter = sv temp.converter;

}
# endif NPS-GPS

* This is the edit-screen for the State Vectors, same conditions as above.

*--123456789 123456789 123456789 123456789 123456789 123456789
* I ORBITER STATE VECTOR
*2
* 3 Position x: X
*4 Kft y:X
*5 z: X
*6
*7 Velocity x: X
*8 Kft/s y: X
*9 z: X
*10
*11 Time (ddd/hh:mm:ss): DDD/HH:MM:SS.SSS
*12
"*13 Use Realtime Vector: Y
*14
*15 Apply time correction: Y (delta in secs): X
*16
*17 Source for SPAS vector (0 SPAS-GPS, 1 SPAS-SV): X
"*18
*19 Converter for WGS84-M50 (0 iload file, I computed): X

static Edit-label sv labels[] =
{

{ 1,20, NULL),
{ 3, 4, *Position x:'},
{ 4, 7, '"K y:'),
{ 5,13, 'z:'),
{ 7, 4, *Velocity x:'},
{ 8, 7, "Kft/s y:'),
{ 9,13, Pz:'),
{11, 4, MTime (ddd/hh:mm:ss):'),
(13, 4, 'Use Realtime Vector:'),
(15, 4, 'Apply time correction: Y (delta in secs): X'),
(17, 4, NULL),
(19, 4, 'Converter for WGS84-MSO (0 iload file, I computed):"),
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#define SVLABELCOUNT (sizeof(sv Iabels)/sizeof(Edit-label))

static Edit-field sv fieldsl]

(3,16, edit feidet d bl_ , edit-fieldjxzt dbi, edit-field key dbi, &sv-temip-sv.pos.x,
(4,16, edit,_fieldjget dbl, edit -fleldjut dbl, edit -field-key-dbl, &sv-temp.sv.pos.y)
(5,16, edit fiidet d b p dt fieldjmut dbl, edit field key dbl, &svtrpspoz,
(7,16, edit -fieldjetdbl, edit-field Jut dbl, edit field key dbl, &sv~temp.sv.vel.x )
(8,16, edit fleIdjet dbl, edit -field~jptýdbl, edit -field key dbl, &sv~temp.sv.vel.y )
(9,16, edit -fleldjget dibl, edit fieldjput dbl, edit-field_keydbl, &sv~temp.sv.vel. z,

(11,25, edit field~jedhmsl ,edjt -fieldjput _dhmsl ,edit _field key dhms, &sv-temp. sv. time }
(13,25, edit -field getjyemno,edit field~yut~yesno,edit-field-key~yeno,&sv temp.in use )
(15,27, edit-fieldjgetjyesno,edit-fieldjputjesno,edit-field-keyj'esno,&sv teinp.fix time )
(15,47, edit field get dbi, edit field~putdbl, edit-field key dbl, &sv-temp.dtirne
(17,52, edit~fieldget lt, edit fieldjmut lt, edit field key mnt, &sv_ternp. source }
(19,56, edit feledje_Spit, edit fieldjput mt. edit-field-key-let, &sv~terap.converter

#define SVFIELDCOUNT (sizeof(sv fields)/sizeof(Edit field))

Edit -scree n ps orbjins-sv-screen
I

SVLABELCOUNT -2, sv -labels,
SVFIELDCOUNT -2, sv-fields,
(void *)&orb ins, NO, svypre _screen, sv~post screen

Edit screen nps orbtgtsvscreen

SY_-LABEL_-COUNT - 2, sv-labels,
SV_-FIELD-COUNT - 2, sv-fields,
(void *)&orb tgt, NO, sv~pre_screen, svp~ost-screen

Widef NPSUPS
Edit -screen nps spas gps iv screen

SV -LABEL -COUNT, iv -labels,
SV FIELDCOUNT, xv fields,
(vo~id *)&spasjps, NO, sv~pre screen, svp~ost screen

Edit scree n ps orXp~siv screen=

SVLABEL -COUNT, sv labels,
SV FIELD COUNT, sv fields,
(vo~id *)&orbWs, NO, sv~pme sreen, sv_.post scre
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hendif NPS UPS
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Ifndef _NPS_
efine _NPS

#include <stdlib.h>
Ainclude < graphics.h >

#Include <vector.h>
Dinclude <keys.h>
Dinclude <orbmechl.b >
Anclude <emm.h>

#include <nps_if.h>

extern int
nps.menu key_handler(int),
npsbgprop(State_vector *sv, double new-time, double input time, int is orbiter);

extern void
npsmenu _displayinit(void),
nps menu. -iisplayupdate(void),
npsdisplaygraphics(int graph_mode);

extern int
npseditmenukeyhandler(int);

extern void
npseditmenudisplayinit(void);

exter int
npsdap keyhandler(int);

extern void
npsdap displayinit(void),
nps mdv init(void);

"* Only one of these structures will exist, it will be globally visible, and
"* it will have the same name as the type (but all lower case).
"* T'e xmax/ymax members will be the number of pixels, not the largest valid
"* pixel. For example, if the screen is 640 pixels wide, then xnmax will be 640,
"* not 639 (which is the largest valid x-pixel).
* . . . . . . ...- *

typedef struct
I

struct viewporttype main-view;
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int xmax, xmid, c-width;
int yanax, yanid, c height;
int font_size, i'~graphics~mode, page;

Nps~graphics info;

typedef stflAct ( double origin, range; ) Npslot axis;

onum nps axis ( NPS axis X, NPS axisY, NPS-axis Z;

typedef struct

char *'title, ftarget title, *chaser title;
Npkylot axis axis[3];
int axis-vert, axis-horz;

)Npsyplot-info;

typedef struct {int id; char *text; ) Nps_label;

typedef struct (char pattern[24]; ) Nps log file header;

extern void
nps~plot -vlabels(int x, int y, int ystep, Nps~label *label, int cnt),
npsjlot_ _clear view(struct viewporttype *view, int outline),
npsjplot set view(struct viewporttype *'view, int outline),
nps~plot main view(void),
npsmenuplot~init(char **strings);

extern int
npsjplot-nextj~age(void);

"* These structures help organize all the information known about a given
"* state-vector or quaternion.

typedef struct

int inýuse, got~one, source, converter, fix-time;
double dtime;
State_vector input, sv;

}Nps_state-vector-info;

tyýpedef struct

int in_ use, got_one;
double input time;
Quaternion quat;

)Nps quaternion info;
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*All thrusts are in km/s, just like all the other vectors.

typedef struct

int on, delayed, in-lvlh;
double time;
Vector dv body;

)Npsjpredictor thrust;

mnum npsjpredictor state ( NPSjpredict-off, NPSjpredict-on, NPS~predict now

typedef struct

int on, steps;
double step, delay, next-time;
Perturbations *perts;
Nps quaternion info *q~btoi;
Nps~predictor-thrust thrust 1;

)Npsypredictor;

extern int
npsjpredictor-thrust(Npsjpredictor Opredictor, State-vector *chaser),
npsjr-edictor-rndv(Npsjpredictor *predictor,

State-vector *tar~get, State-vector *chaser,
double ttr);

mnum nps _rv tye {NSrpo~y rvplot hv, NPS rvplot rh)

typedef struct

Nps~plot info display;
RV-vector *ring_buffer;
ushort ring max, prey _sample, next_sample, ring_:full;

char ***men.u-list;
int menuid, hbar on, plot type;

char *log_:fileý_name;
Nps log file header *108_file-hdr;

Emm-handle emm;

Npsý_state-vector-info *target, *chaser;

Npsjpredictor *predictor;
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Vector lastrvdot;
double crossing time;

)Nps rvplot info;

extern int
ups rvplot data init(Nps rvplot info *info,

ushort max-mem, ushort config_ mew, Emm info *emn),
nps rvplot key handler(Nps rvplot info "'info, int key);

extern void
ups rvplot data stop(Nps _rvplot info *'info),
ups rvplot data save(Nps rvplot info "'info),
nps rvplot data-flush(Nps rvplot info "'info),
ups rvplot display init(Nps rvplot info *info),
ups rvplot display_ update(Npsrvplot-info *info, double ttime, double ctime),
nps rvplot data updateNps rvplot info *info),
upsrvplot displayfuture(Nps rvplot info "'info),
ups rvplot menu off(Nps rvplot info- "nfo);

extern void
ups rvplot init(Nps~plot -info "info, RV-vector *prev, Vector "'prey rvdot,

char '*mewnu, int typ, int hbar, ushort bmax, ushort bcnt),
nps rvplot time(double ti, double C2),
nps rvplot values(double x, double y, double z, double dist,

double closure, ushort bcnt),
ups _rvplot hbardouble y, double ydot, double crossing time),
ups rvplot__point(Nps~plot -info *info, Vector *pos,

double 0i, double t2, ushort bcnt,
Vector "'rvdot, double crossing_time),

ups _rvplotpoint fast(Npsjplot info "*info, Vector *pos),
nps rvplotpoint -text(Nps~plot info *info, Vector *pos, char "'text, int bright),
nps rvplot rndv(Npsjplot-info *info, Vector "'mdv-dv, double rndv-dist);

enum nps duff_ tye NPS diff pos, NPS duff vel

typedef stnact { double diff[2], time; ) Diff vector;

typedef struct

Npsjplot info displays[2];
Duff vector "'ring_buffer;
ushort ring max, prey sample, next sample, ring ul;
double begin time;

char ***menu-list;

int menu id, activeylot;
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char *Iog~filename;

Np. log filehbeader *loijlile hdr;

Emm handle ernm;

Np.stdate vector info *target, *chaser;
Nps diffplot info;

extern ijt
up. thffplot data init(Nps difltifo efo,

ushort max _mem, ushort config mem, Emm info *emm),
nps~diffplotkey~hadler(Nps~diffplot-info *info, int key);

extern void
nps~diffplotdatastop(Nps~diffplot-info *'info),
np~ifpo~aasv(p~ifltif "*info),
ups diffplot dataflsh(ps~diffloý_info *'info),

up piilot -display update(Nps di flot info "'info, double ttime, double ctime),
np-irlýdtudW p "'f nf info);

extern void
npsdfiffplot-init(Nps~plot info "'info, int duff_type, char **menu),
ups diflplotýtime(double ti, double C2),
ups diffjplot..yalues(double duff, double dtime, int diff*typ),
ups diffplotpjoint(Nps~plot info *info, double duff, double dtime,

int duff yp, double ti, double tC),
ups diiffjplotpoint fast(Nps~plot info "*info, double diff, double dtime);

typedef struct

char "'title, *target title, *chaser-title, ""'menu;
}Npsypyplot info;

exteru 
int

exteru void
upsjpyplot displayint(Npsypyplot info "'info),
upspyplot displayupdate(Npsyplot info "*info,

State-vector "'target, State-vector *or.biter,
Quaterujon *quat, double ttime, double otime),

nps~pyplot display stats(Npspyplot~info *info, State-vector ftarget,
State-vector "'orbiter, Quatermon *qalat);

32p .h



extern void
nps~pyplot. ut(Npsjpyplot info *info),
nps~pyplottime(double t1, double U2),
npspyplotzup latNps~pyplot info *info, Vector *'pyd, double ti, double C2),
nps~pyplotstats(ps...pyplot info *info, Vector *pyd, double time),
nps~pitchjyaw(Quaternion *q, Statevector ftarget, State-vector *orb, Vector *pyd);

#define NPSFILTERSAMPLES 60

typedef smnzct

fint on, auto-remi, input~saved;
double save step, rerninstep, next-reru;
State vector input vector;
usiort prey sample, nextsample, ring_full;
double ring buffer[4](NPSFILTERSAMPLES];

)Nps ýfilter info;

extern void
zips_filter data fiush(Nps filter info *info),
nps_filter__data save(Nps_filter -info *info),
zips_filter__data _update(Nps filter info *info, State-vector %new-vector),
zips_filter__run(Nps filter-info *info, State-vector *out-vector, Perturbations *P);

/*'0LJ) FILTER
buffer_raw_orbgps(State_vector 'zips_tans, double tansbufI4J[60], int tans-mat-dat[2]);

extern fint

Is-filter(State-vector *tans-in, State-vector *tans-out,
double tansbuf[4J[60], int fbi, int point num, Perturbations *P);

typedef struct

double a, e, Ba, Mo, Omn, i, ow, ni;
)Orbinech-classicals;

extern void
getclas(Vector *pos, Vector 'vel, Orbmech classicals *class, Perturbations *P),
fanodg(Vectorr *pos, Vector *vel, Vector *pos new, Vector *vel-new,

Orbniech classicals *class, double t-dif);
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exter double

plane _crossing timie(Stae vector *chascr Stae vector *target, Penurbatjon *P);

eandif _N'PS_

npu.h



npMudaP. C

Dlnclude <udobh>

Dinclude <keys~h>
linclude <edit-rth>

#lnclude *nps~h"

extern Nps graphics info npsjgraphics info;

extern double nps newest time;
extern Npspjredictor npsjwredictor;
extern Nps _rvplot info *nps~dapyplot;

typedef struct I Vector plus, minus; ) Npsdapjpair;

typedef struct ( Nps dapjpair x, y, z, zilow; ) Nps dap info;

enum dap types ( DAPý_a, DA~pb );
enum dap axis {DAP _xjlus, DAP-x-minus, DAP _z~plus, DAP-z-minus, DAPjyplus, DAPj..minus)
emnm dap keys (DAPýIeft, DAPý_up, DAP down, DAP ight, DAP~plts, DAP-minus)

"* All DAP thrusts are in ft/sec. X thrusts have a Z component, forward jets
"* are 9.6 degrees, rear jets are 10 degree.,
* NOTE: the predictor thrust vector mv, be km/sec, not ft/sec.

static Nps dap info dapa

/*X *
{0.056, 0.0, 0.00987) /* plus *
{-0.056, 0.0, 0.00947) /* minus *

{ ~/*~ *
40.0, 0.056, 0.0 ), * plus
40.0, .0.056. 0.0 ) * minus *

{ ~/*Z *
40.0, 0.0, 0.055 ), * plus *
40.0, 0.0, -0.076 ) * minus *
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(/ /zlow
{0.0, 0.0, 0.052 ), 1 plus
{0.0, 0.0, .0.076 ) 1 minus

static Nps dspino dap~b

40.016, 0.0, 0.00282, /* Plus *
(.0.016, 0.0, 0.00270) /* minus *

4/ *1
40.0, 0.016, 0.0 ), * plus
40.0, .0.016, 0.0 )/* minus *

4 ~/*b Z1
40.0, 0.0, 0.024 ), * plus
40.0, 0.0, .0.034 ) 1 minus *

4~/ /Zlow *
40.0, 0.0, 0.013 ), * plus *
40.0, 0.0, .0.034 /*1 minus *

static double launch-time, thrust-time-met;
static int thrust_use~Jmt = NO;
static int low-z-mode, dap type;

static imt
axis_countsf6],
lvlh~key~toýaxis[6] =4DA~p x~plus, DAP-zminus, DAP z~plus, DAP-x minus, DAPjy~plus,

DAPJ ~minus ),
body key to axis[6] ={DAP zjplus, DAP xjplus, DAP-x-minus, DAP z minus, DAPjj~plus,

DAP~y minus ),
opposite -axis[6] DAP-x-minus, DAP-xjPlus, DAP-z-minus, DAP _zjplus, DAPjy_minus,

DAP~yjlus );

static double time-to-radv = 60.0 * 60.0;I// 60 min

static intruct

struct viewporttype view;
int heighit, lineljy, line2j';
int da"~, mode _xl, mode x2, mode x3;
int bar-xl, keysi xl, keysl-x2;
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int bar x2, data xl, dwatax2;
int bar x3, keys2- xl, kcjs2 x2, keys2,_x3, keys2-x4;
int a lenigth, a height, p length, p hegh;

static void points init(void)

int xninx - nps~grapica info.xmax;
int ymx - npagraphicvsinfo-ymax;
int c width - pagrpVics infoac width;
int C height - pgap hi info.c heig;

menu.view. left =0;

menu.view.right =xmax - 1;
#ifdef DEBUG

meau.view.top ymax - 1 - (naenu.height = c height * 4);
Delse

meneu.view.top =yanax - 1 - (uaenu.height = c height * 3 - c~height/4);
#endif DEBUG

menu.view. bottom = yanax - 1;
menu.view.clip = YES;

menu.linel~y = cheight - c~heightl4;
menu.Jine2_y = menai.lineljy + c height + p_height/4;

meau.dapx = cý_width;
menu.mode-xl - c-width * 2;
menau.mode-x2 - menu.naode-xl + c width * 7;
menu.naode-x3 = menu.node-x2 + c-width * 8;

menu.bar-xl - xax * 0.21;
menu.keysl-xl - menu.bar-xl + c-width;
ammu.keysl-x2 - menu.keyul xl + c-width*5;

menu.bar x2 =xmax * 0.42;
anenu~data-xi mneau.bar-x2 + c width;
menu.data-x2 =meau~data-xl + c-width * 2;

nienu.a length =c height + c-height/2;
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memu.plaagths - 3;
msnu.pheight - menu.p_length;
mewu.a height - mmu.p length 2;

ummu.barx3 - xinax *0.56;

menu.keys2-xl - menu.bar-x3 + c-:width;
menu.keys2-x2 - mwu.keys2_xI + c width * 12;
menu.keys2-x3 - menu.keys2,_x2 + c width * 10;
nienu.keys2-x4 - .meu.keyin2,x3 + c-width *12

static void draw-arrow(int x, int y, int a-xdt, int ajydt)

moveto(x, Y);
linerel( a -xdt *menu.a-length, a~ydt *' menu.&a-length);
linerel(-(a~xdt *menu.pjength + a~ydt * menu.p-height),

-(ajdt * inenu.p length + a-xdt * xnenu.p height));
linerel(&ajdt * menu.&-height, a-xdt * menu.&_,height);
linerel(axdt * menu.p length - a..ydt * meuiu.p_,height,

ajydt * menu.p length - axdt * menu.p height);

void nps dap_ menu(void)

static char
axis -label[4][4] = *+X*, *-X", N+Z", W-Z" )
fmntl[O = *%s%2d %s";

Vector dv-ft;
char work[24];
int x, y, *key-map, axis;

settextstyle(SMALLFONT, HORIZDIR, npsgrahics-info-fbnt-size);
aettextjustify(lEFT_TEXT,CENTERTEXT;
Upsjplot clear view(&menu.view, YES);

outtextxy(nienu.dapx, menu.linelj~, (dap type ? *DAP-B": "DAP-A"));

outtextxy(menu.mode-xl, menu-line2_y, "Modes:");
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if (np~predicsor.tbrust1 .delayed)
outtextxy(menu. mode -x2, umenu~line2_y, "Delayed");

if (npGejwedictor.thrsl .inl1vlh)
oufttXtxy(.menu.niode-x2, mmnu.lineljy, 'in-LVUI ');

if (lowjzuode)
outtextxy(nlenu. mode x3, menu.Iine2_, Olow-Z");

line(menu.bar xl, 0, menu.bar xl, menu.beight);

outtextxy(menu.keysl-x2, menu.Iinel~y, 'ESC, SPACE, Z,LO);
outtextxy~nenu.keysl-x2, menu.line2_y, *A,B, ENTER + -a);

* - menu.keysl xl; y = menu-line2_y; draw arrow(x,y, 0,-i);
* + = menu.a-height; y - = menu.a length; draw arrow(x,y, 0, 1);
y + = menu.a.-length;
x + = menu.p height+2; y -= menu.p _height; draw arrow(x~y, 1, 0);
x +=- menu.ajlength; y -= menu.a-height; draw arrow(x,y, -1, 0);

line(menu.bar-x2, 0, menu.bar-x2, menu.heigbt);

dv -ft.x = nps predictor. thrust l.dv_body. x IGLOMTOFT;
dv-ft.z = nps~predictor.thrustl.dv_body.z IGLOMTOFT;

spnintf(work, *%9.61f", dv-ft.x);
outtextxy(menu.data xl, menu.linelj', "X:");
outtextxy(menu.datsx2, menu. ine lj', work);

sprintf(work, '%9.61f', dv -ft.z);
outtextxy(menu.data xl, menu.line2_y, "Z:");
outtcxtxy(menu.data x2, menu.Iine2_y, work);

lina(menu.bur-x3, 0, menu.bur-x3, menu.height);

outtextxy(menu.keys2_xl, menu.line2_y,
(npsjnredictor.thrustl.in-lvilh? '(LVLH)* w(Body)w));

key map - (nps~predictor. thrust1. in Ivlh ? Ivhbkey to axis bodyjkey to _axis);

x - menu.keysý_xl + menu.&-length; y = menu.1ineljy;
draw arrow(x,y, -1, 0);
axis - key map[DAP left]
spnintf(work, fiuti, axis -labelraxis], axis counts[axis], "out");
outtextxy(x+4, menu.iej woI )
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x M muiu.keys2_x2; y -menu.linelj, + mmau.a~legthl2 + 2;
draw arrow(x~y, 0,-i);
axis -l key-map[DAP -up];
uprintf(work, finti, axis labelfaxisj, axis counts(axis], *up");
outtextxy(x+5, meau.Iineljy, work);

x - menu.keys2_x2; y -menu.Iine2_y - manu.a length/2 - 2;
draw arrow(x,y, 0, 1);
axis - key znap[DAP _down];
spfintf(work, finti, axis label[axis], axis _countsf axis], mdown');
outtextxy(x+5, rnenu.Iin2_y, work);

x - mmeu.keys2_x3; y -menu.Iineljy;
draw_arrw(x,y, 1, 0);
axis = key inap[DA~p right];
spriniftwork, fimtl, axisI abel[axis], axis -counts[axis], 'In");
outtextxy(x +4+ menu.a length, menu. ine Iywr)

if (npsjpredictor.thrustl AnIvib = = NO)

x = enu.keys2_x4;
outtextxy(x, menu.lineljy, 'Labels valid');
outtextxy(x, menu.Iine2_y, "for pitch 90');

upsjplot main viewO;

void nps~dspdfisplaynitO

if (menu-height ==0) points inito;

npsrvmplot-menu-off(nps~dapyplot);
nps~dapmeuo;

void fips dap clear(int new typ)

npsjnredictor.thrustl.on -NO;
npsjn-edictor.thrustl.dv_body.x =
nps~predictor.thrustl.dvý_body.y =
npspr~edictor.thiustl.dvý_body.z = 0.0;

axis -counts[DAPx~plus]
axis -counts[DAP _x minus]=
axis -counts[DAPj jIus]=
axis counts[DAPj _minus]=
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axis counts[DAP z pus]-

axik counts(DAJýZ-MinusJ 0;

dap typ - new tpe

* Returns:
* 0 Didn't use thekey
* I Used the key
* 2 Used the key, My subsystem is done

int nps dap key handlerint key)

int axis, opp axis, sign;
Nps~dap info *dap;
Vector *dv;

switch (key)

case KEY esc:
npsrvpiotdisplay~init(nps~dapjlot);
return 2;

case KEY space:
nps~dap~cleardaptyp);
nps rvplot display init(nps dap~lot);
npsd#p_menuO;
return YES;

case KEY cr:
npsjvplot display~future(nps~dapyplot);
npsdapmnuO;
return YES;

case 'Z':
case 'z':

low z mode = (low_zLmode ? NO: YES);
npsdap_ýmeuo;
return YES;

caseW
case TI:

npspr~edictor.thrustl.in lviii (nps~predictor.thrustl.in lviii ? NO: YES);
nps-dapmenu=O;
return YES;
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case WA:
case 'W:

if (dsp tpe! DAFýa) jnps dsp clear(DAPý_a); nps dsp inenuo;)
remur YES;

case 'B':
case Wb:

if (dsp_tye DAF~b) (nps dsp clear(DAP~b); nps dap menuo;)
return YES;

case KEY up: key = DAP up; break;
case KEY-down: key = DAP _down; break;
case KEY-left: key =DAP left; break;
case KEY -right: key =DAP -right; break;
case '-': key =DAP minus; break;
case',+': key =DAP~plus; break;

default: return YES;

"* Check if there have been pulses in the opposite direction. If so then
"* we'll use the opposite key and sutract delta-v, oth'trwise we want to use
"* this key and add delta-v.

axis = (npsyredictor.thnzstl.in lvlh ? Ivlhkey to_axis body key to axis)(key];

Opp-axis = opposite axis[axis];

if (axis -counts[opp axis]) I sign = -1; axis = opp_ axis;)
else sign = 1;

axis counts~axis] + = sigp;

dap = (dap type ==DAP-a ? &dap a :&dap~b);

switch (axis)

caeD{_~ls v &a-xpu;bek
case DAP-xplius: dv -&dap->x.plnus; break;
case DAJx minus: dv = &dap->xmminus break;zIWpus&a-zpl;bek
case DAP-z-mpus: dv= (low z miode ? &dap->z -low.plnus : &dap->z.pl nus); break;
case DAPz minus: dv = (low zmode ?break-,zlwmns:&a-zmns;bek
case DAPjpltnius: dv = &dap->yplius; break;
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nps_predictor.thrustl.dvbody.x + = dv->x * FT TOKILOM * sign;
nps._prdictor.thrustl.dvbody.y += dv->y * FTTOKILOM * sip;
npspredictor.thrustl.dv_body.z + = dv->z * FTTOKILOM * sign;
npsjpredictor.thrustl.on = YES;

npsrvplot displayfuture(npsdap_plot);
npsdap.menuO;

return YES;

void npsrmdv initO

{
#ifdef NPSRNDV

nps_predictorrndv(&nps_predictor, &npsdapplot- > target- > sv,
&npsdapplot- > chas"r- > sv, timetomdv);

npsrvplotdisplay_future(npsdapjplot);
#endif NPSRNDV

-------- - - - ------- ---- - ----- ----------- - - *1---

sdAtic int edit field get dbl9(char *work, void *djata)

}

sprintf(work, "%9.61f", *(double *)data);
return -1;

static int editfield_getdbl5(char *work, void *data)

{

sprintf(work, "%5.21f", *(double *)data);
return -1;

}

*•---0123456789 123456789 123456789 12345678M '3456789 123456789 123456789 123456789
I 1 Thrust information (ft/s)

*2
*3 X-comp Z-comp
• 4 DAP-A +x up -0.000000 -0.000000 10 deg pitch
* 5 -x down -0.000000 -0.000000 9.6 deg pitch
*6 +z out -0.000000 +y -0.000000
*7 -z in -0.000000 -y -0 .0 0 0 0 0 0

• 8 (low-z) +z out -0.000000
*9 -z in -0.000000
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*10
*11 DAP-B +x up -0.000000 -0.000000
"*12 -x down -0.000000 -0.000000
"*13 +z out 4).000000 +y -.4 0 0 0 0 0 0

"*14 -z in 40.000000 -y 40.000000
"*15 (low-z) +z out 40.000000
"*16 -z in 40.000000
"*17
"*18 Future thrust: Y Note: future thrusts use the current attitude,
"*19 GMT-L DDD/HH:MM:SS.SSS so answers are valid only during inertial hold,
*20 + MET DDD/HH:MM:SS.SSS the alternative is to apply thrust in LVLH
"*21 or GMT DDD/HH:MM:SS.SSS Y

*22
*23 Thrust: enabled: Y TrR (NO whole orbit intervals!)
*24 in LVLH: Y DDD/HH:MM:SS.SSS
*25 (XYZ): 40.00 -0.00 -0.00

static char
lblxpf] = "+-x up",
lblIxm[l - "-x down",
lbljyp[] -+y",
lblymO "-y",
lbl-zpf - "+z out",
lbl_zm[] - "-z in",
Ibi_zlf = "(low-z)";

static Edit_label thrustlabels[] -
{

{ 1,18, "Thrust information (ft/s)"),
{ 3,20, "X-comp Z-comp"),

(4, 1, "DAP-A"),
4 4, 9, lbl_xp}, { 5, 9, lbl_xm),
{ 6, 9, Ibl_zp), 4 7, 9, Iblzzm),
{ 6,49, lbl_yp), 4 7,49, lbl_ym),
{ 8, 9, Ibl_zp}, { 9, 9, Iblzm}, ( 8, 1, Ibl_zl),
{ 4,42, "10 deg pitch"), ( 5,42, "9.6 deg pitch"),

{11, 1, "DAP-B}),
(11, 9, lbl_xp), (12, 9, lbl-xm},
(13, 9, Ibl_zp), (14, 9, lbl zm),
(13,49, Ibl.yp), 114,49, lbl.ym),
{15, 9, Iblzp), {16, 9, lblzm}, {15, 1, lbl_zl),

(18, I, "Future thrust:"),
{19, 2, "GMT-L'),
(20, 2, "+ MET"),
(21, 2, "or GMT"),

(18,27, "Note: future thrusts use the current attitude,"),

npS_dap. c
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(19,29, 'so answers are valid only during inertial hold,"),

(20,29, "the alternative is to apply thrust in LVLH'*),

(23, 1, 'Thrust: enabled:'),
(24, 9, *in LVLH:"),
(25, 1, '(XYZ):')

Afdef NPSRNDV
(23,44, *TM (NO whole orbit intervals!)")

Dendif NPSRNDV

#define THRUSTLABELCOUNT (sizeof(thrust-labels)/sizeot(Edit-label))

static Edit-field thrust-fields[)

4,8 dt(edgtdlei-il~u~bl dtfedkydl dp_.x ls
(4,38, edit-field_get-dbl9, edit field~put-dbl, edit-field-key_dbl, &dap__a.x.plus.x )
(4,30, edit field get dbl9, edit fieldjput,_dbl, edit-field_key dbl, &dap~a.x.pmius.z),
{5,18, edit field~get dbl9, edit fieldjput-dbl, edit-field-key-dbl, &dap~a.x.minus.x )
(5,30, edit-field get dbl9, edit -fieldjput dbl, edit-field_key_dbl, &dap_A.x.minus.z ),
(6,30, edit field get dbl9, edit fieldjput dbl, edit-field-key dbl, &dapA. z.pmius. z
(7,30, edit -field~get dbl9, edit fieldjput-dbl, edit-field-key dbl, &dapa. zj.m plus. z
(8,30, edit field~get~dbl9, edit fieldjput dbi, edit-field-key dbl, &dapa&.z-low.pmius. z
(9,30, edit field get dbl9, edit fieldjput dbl, edit field key dbl, &dap~a.z~lo mius.z ),
(6,52, edit field~getdbl9, edit fieldjput dbl, edit-field-key dbl, &dap~a.y.milus.y)

(11,52, edit -field get dbl9, edit field~put-dbl, edit-field-key dbl, &dapab.y.mius.y )
(11,18, edit field~getdbi9, edit~fieldjputdbl, edit-field_key_dbl, &dapb.x.plus.x }
(121,3, edit-field~getdbl9, edit -fieldjput-dbl, edit-field-keyjdbl, &dap~b.x.pmius.z)x
(12,38, edit-field get dbl9, edit-fieldjputdbl, edit -field -keyjdbl, &dap~b.x. minus.x)z
(12,30, edit-fieldget dbl9, edit-field~put~dbl, edit-field-key_dibl, &dap~b.z.mius.z ),
(13,30, edit fieldjget dbl9, edit-fieldjput-dbl, edit-field_key dbl, &dap~b.z.plius.z,
(145,30, edit field get~dbl9, edit-fieldjput_dbl, edit_field_key_dbl, &dap~b. z-.minus. z

(16,30, edit field get db19, edit fieldjput~dbl, edit-field-key dbl, &dap_b. z-low. minus. z
(13,52, edit-field get dbl9, edit-field~putdbl, edit-field_key_dbl, &dap~b.y.plus.y ),
(14,52, editý_field,.get-db19, edit-fieldjput-dbl, edit-field-keyjdbl, &dap~b.y.minus.y )

(18,16, edit -field~getjyesno,edit -fieldjputjyesno,edit-field keyjyesno,&npsjpredictor. thrustl 1.delayed }
(19, 9, edit field get dhms),edit-fieldjput dhms0,edit-field key dbms, &launcb time ),
(20, 9, edit field~getdhms),edit fieldjput dhms),edit-field key dbms, &thrust time-met )
(21, 9, edit field~get dhmsl ,edit-field~put dhmsl ,edit-field key dbhms, &npsjpredictor.thrustl 1.time )
(21,26, edit-field~getjyesno,edit-fieldjputjyesno,edit-field key~yesno,&thrust usegmt ),

(23,18, edit fieldjgetjyesno,edit fieldjputjyesno,edit-field keyjyesno,&nps~predictor.dbrustl .on
124j18, edit fieldjgetj'esno,edit-field~put~yesno,edit -field -keyj'esno,&npsjpredictor. thrust 1. in-lvlh }
(25, 9, edit-fleldjgetdbl5, edit fieldjput dbl, edit field key dbl, &npsjpredictor. thrust1 .dv body. x
(25,16, edit -field get dbl5, edit fieldjput dbl, edit-field_key dbl, &npsypredictor. thrust I .dv body.y }
(25,23, edit-field~get dbis, edit~fieldjputdbl, edit-field-key dbl, &npsjpredictor.thrustl .dv body.z J

Midef NPSRNDV
(24,48, edit field~getdhms),edit-fieldjput dbms0,edit-field key dbms, Mtime to mndv

zips dap. C
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#endif NPS-RNDV

#define THRUSTFIELDCOUNT (sizeof(thrust fields)/sizeof(Edit field))

static void vector-scale(Vector %v, double scale)

v->x *'= scale; v->y *- scale; v->z *= scale;

static void thrust~pre screen(Edit-screen *screen)

if{ p~rdco~hut~tm pýnws-ie
i(nps~prodictorthrustl .time = ps~newest_time)

vector-scale(&npsjpredictor. thrustl 1.dv body, KILOM_TO_FT);

static void thrustj~ost screen(Edit-screen *screen)

if (thrust usgmt)
thrust-time-met = npsjpredictor. thrustl 1.time - launch-time;

else
nps~predictor.thrustl 1.time = launch-time + thrust-time-met;

vector -scale(&npsjpredictor.thrustl.dv_body, FTTOKILOM);
if (time-to-rmdv < = 60.0) time to-rmdv = 60.0;

Edit__screen ups_thrust-screen=

THRUSTLABEL COUNT, thrust-labels,
THRUSTFIELDCOUNT, thrust-fields,
NULL, NO, thrust~pre screen, thrust~jost screen

u2ps~a"p. C
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#include < stdib.h >
#include < stdio.h >
#include < conio.h >

#include < keys~h>
#include < edit-rt. h>

extern Edit screen
nps~rate-screen,
npsp~ert screen,
nps orb ins sv-screen,
npsorbtgtisv_screen,

# ifdef NPSGPS
npsorb~gps~sv_screen,
nps spas gps__sv_screen,

# endif NPSGPS
nps thrust screen;

static Edit-screen *screens[]

&nps _rate,_screen, &npsj~ert screen,
&nps orb ins sv-SCreen, &nps~orbtjgtsvscreen,

# ifdef NPS_ GP-S
&nps orb gps_sv_screen, &nps~spas gps sv screen,

# endif NPSGPS
&nps thrust screen

#define MAX-SCREENS (sizeof(screens)/sizeof(Edit-screen )

static int current-screen;

* Returns:
* 0 Didn't use the key
* I Used the key
* 2 Used the key, My subsystem is done

int nps_edit-menu key handler(int key)

int rc e dit screen key handler(screens[current-scree] key);

ups_*dit. c
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if (rc > 0) "turn rc;

switch (key)

cane KEY~pgup:
if (-current-screen < 0) current-screen =MAX-SCREENS - 1;
break;

case KEYjpgdn:
if (++current-screen >= MAX-SCREENS) current-screen =0;

break;

default: return NO;

edit-screen-init(screens[current-screen]);
return YES;

void nps edit menu display inito

edit screen init(screens[current-screen]);

nps edit. c



#include <stddef.h>

#include "nps.h*

void nps filter data-fiush(Nps filter info *this)

this->ring full = NO;
this-> prev sample = this- >next_smuple = 0;
this-> rng~buffer[3][0] = 0.0;

void ups filter data-save(Nps filter info *this)

if (this->input~saved) return;

this-> ring buffer[0][this- > next sample] = this-> input vector.pos. x;
this-> ring buffer[ IJ[this-> next sample] = this-> input vector.pos.y;
this-> ring buffer[21[this->next sample] = this-> input,_vector.pos.z;
this-> ring buffer[3][this- > next sammple] = this-> input vector. timne;

this-> prev sample = this-> next_sample;
this- >nextsample + +;
if (this-> next sample > = NPSFILTERSAMPLES$

this- >next,_sample = 0;
this->ning full - YES;

this-> input,_saved = YES;

void nps filter data updateNps filter info *this, State-vector *new-Vector)

diis->input-saved =NC.,

ths-> input vector = new vector;

zip._f it. c
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if (this- > input vcctor-tism - this- > ring buffe[3][this- > prey sample] > = this- > save step)

eps filter_data_save(this);

void nps filter run(Nps filter info *tis, State-vector %out vector, Pertura~tions *P)

nPps iter data uSave(this);

is filter(&this- > input -vector, out vector,
this-> ring buffer, this-> ringful, this-> prey sample, P);

if (this-> auto -reru)
this->next-rerun = this-> input-vector. time + this-> rerun-step;

UPS-f ilt c



#include <atdo.h>

linclude *nps.h"
hincludc 'npsmSO.h'

static State-vector-transform mSO-ecef;,

#define M50-TO-WGS84 0
#define WGS84 TO M50 I

int ups wgs84_read_iload(cbar *filename)

FILE *iload;

*1
if ((iload = fopen(filecame, "r*)) ==NULL) return NO;

fscanf(iload, "%Ie", &m5o-ecef~time);
m50_ecef.time -= 86400.0; // Make time rel-secs, like bgpropo

fscanf(iload, "%le %le %le %le %Ie %le %le %le %le",
&mS50_ecef.matrix[0J[0], &mSO-ecef.matrix[0J[l], &m50_-ecef.matrix[0][2],
&m,50_ecef. matrix[ 1 [01, &m50_ecef. matrix[ I][1I], &m50_ecef. matrix[l1][2],
&m50_ecef matrix[2][0J, &m5o-ecef.matrix[2][1J, &m50_ecef.matrix[2][2J);

fclose(iload);

return YES;

"* Note: Velocity may be an inertial velocity expressed in ECEF coordinates.
"* Otherwise it is an ECEF velocity, expressed in ECEP coordinates.

void nps wgus4_to mSO(State vector *vector, int converter, int vet-isý_ecef)

State-vector M50;

aps-uSO. c
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if (converter - NPS-MS0from-iload)
stats vector-ecef to-mSo(vector, &m50, &mS0_scef, volj_iscsi)

else if (convertsr - - NSPS M50_ computed)
mSQýwgs84_aSO(vector, &=50, WGS84_T'O M50, NULL, vel-is-ecef);

else return;

MS0. time -Vector-> timew;
*vector = M50;

void ups_ m50to _wgs84(State_vector *vector, int converter, int vel is ccci)

State-vector ecef;

if (converter = NPS M5O-from-iload)
state-vector__m50_to-eccf(vector, &ecef, &m50_ecef, vel-is-ccci);

else if (converter = = NPSMSO-computed)
m5O~wgs8ýniSO(vector, &eccf, M50_TOWGS84, NULL, vel_is-ccci);

else return;

ecef.time = vector-> time;
*vector = ecef;

-- ------

void npsj2000.tom5O(State-vector *vector)

State-vector m50;

state vector~j2000_toý_m50(vector, &mSO);

m50.time = vector-> time;
*vector = m5O;

void nps m5O toj2000(State vector *vector)

zip._uS0. c
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state-vector j2000;

state-vector__m5OýtOJ2000(vector, &j2000);

j2000.time = vector-> time;
*vector = j2000;

zipOM50. c
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#ifndefNPSMSO_
Ddefine -NPS-MSO_

enum nps mSO converters {NPSMSO-from-iload, NPSM50_computed, NPSM50 cnv max }

extern mnt
nps_ wgs84__read_iload(char *filcname);

extern void
npswgs84_to_mSO(State-vector *vector, int. converter, int vel-is-ecef),
nps_m%)_to_wgs84(State-vector *vector, int converter, int vel-is-eccA),
npsmS;qtoj2000(State -vector *vector),
npsj2000~to~m5O(State-vector *vector);

#endif -NPS-MSO_

nps-=50.h



Dinclude nups~if.h"

int nps system,_inito { return YES;)

int nps key handler(int key) ( return NO;)
int ups display inito I return NO;)

void nps_data,_flushO ()
void nps system stopo

void ups data,_update(State vector *orb-ins-m50,
Quaternion %orbquat,
State -vector *orb 1rg-m.50,
State -vector *orbWp_mSO,
State -vector "orb gps-ecef,
State_vector "spas sv-ecef,
State-vector %spas~gpsecef)

nps none.c
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Dinclude nups.h*

extern Nps~grphics info nps~grphics info;

void npsjplot vlabels(int x, int y. int yatep, Nps_label *~label, int cnt)

for (;cnt > 0; cnt--, label+ +)
outtextxy(x, y + label- > id *ystep, label- > text);

fi/nt npsyplot-next-pageO

// return nps graphics info.page =(ups graphics info. page ? 0:1);

= ------ ---- ---- -- - - - - - -

vod pslot clear view(stnict viewporttype in>u t outlie)

setcolor(0);
setviewport(view-> left, view-> top, view-> right, view-> bottom, view-> clip);
clearviewporto;
setcolor(7);
if (outline) rectangle(0, 0, view- >right - view- >left, view- >bottom - view- >top);

void nps~piot set_view(struct viewporttype *viewi, hit outline)

setcolor(7);
setviewport(view- > left, view- > top, view- > right, view- > bottom, view- > clip);
if (outline) rectangle(0, 0, view- > right - view- > left, view- > bottom - view- > top);

void npsjplot main viewo

setviewport(nps~graphics-info.main-view. left, nps~graphics-imfo.main-view, top,
ups graphics -info. main-view.right, nps grahics info.main view.bottom,
npsjraphics info. main view clip);

npis~pot.c
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Iinclude <stddef.h>
Ninclude <math.h>

#include "nps.b"

static void quick~prop(State-vector *old, double new-time, Perturbations *perts)

State- vector new;
double dt;
Orbmech-classicals class;

getclas(&old- >pos, &old- >vet, &class, perts);
f~and~g(&old- > pos, &old- > vel, &new.pos, &new~vel, &class, new-time - old- > time);
new.time = new-time; *old = new;

int npsjnredictor thrust(Npsjpredictor *predictor, State-vector *chaser)

double body to m50[3][3];
Vector dv-m5O;

if (predictor-> thrustl.on =NO) return NO;

if (predictor-> thrustlI.delayed)

if (predictor-> thnzstl .time < chaser-> time)
return (predictor-> thrustl.on = predictor-> thrustl.delayed =NO);

quickyprop(chaser, predictor-> thrust 1.time, predictor- >perts);

if (predictor- >thrust1. in-lvlh)

if (state-vector itol-matrix(chaser, body_to m5O) ==NO) return NO;
matrix,_transpose(bodytoý_m50, body to~mSO);

else

if (predictor-> c~btoi- > got one - NO) returin NO;

npoupred. c
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quaternion-tonmatrix(&predictor->q~btoi->quat, bodyto .50)

vector transform(&predictor- >thrust 1.dv body, &dv-m50, body_to_.50);

chaser->vel.x 4= dv mSO.x;
chaser->vel.y 4= dv -m5O.y;
cbaser->vel.z 4= dv mSO.z;

return YES;

*The vectors must already have matching time tags.

#ifdef NPS RNDV
int npsjpredictor rndv(Nps~predictor *predictor, State vector *target in,

State_vector *chaser-in, doub~le ttr)

State-vector target = target in;
State vector chaser * "chaser in;
double mu = predictor- >perts_->Gravity.GMD.planet_mu;

Vector xtxvt, hhat, vb, pos dif, ro, rdot, omega, wxr-term;
Vector dvi_Ivlh, dvi m501l, dvi m50;

double mag tpos, mag tvel, magxxv, magvbar, icg[3J[3], gcl[3](3];
double T, w, delta;

if (predictor-> thrust I delayed)

qucIrp&hsr rdco- hut~ie rdco- at)
quickjprop(&harget, predictor-> thrust 1. time, predictor-> perts);

mag~tpos = vector mnagnitude(&target.pos);
mag~tvei = vector magnitude(&*arget.vel);

T = 2*P1~sqrt(mu*mu/(pow(2*mu/mag tpos - magtývel"'magtvel,3)));
w = 2*PI)T;

zipnapr.d. c
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lcs~lJ[O] - warpt.poe.x Imagjpo.;
lcg[1J1]1 - target-poe-y/ magtpoe;
lcg[IJ[2] -arge.pos.z /mntpo;

vectorcross(&targe-poe, &target-vel, &xtxv);
magxv =vector mmgntude&xtxv);

lcg[2][O] hhat.x - xtxv.x / magxxv;
lcg[2](l] hhat.y =xtxvt.y / znagxv;
Ics[21[21 =hhat.z -xtxvt.z / nmagxv;

vector-crOss&targt.pos, &bhat, &vb);

magvbar = vector m&gnahde(&vb);

lcg[OJ[0J = vb.x / tnagvbar;
lcg[0J[1] = vb.y / magvbar;
Icg[OJ[2] = vb.z / magvbar;

poedif~x = chaser.pos.x - targct.pos.x;
posdif-Y = chaserpos-y - targct.pos.y;
pos~dif.z = chascr.pos.z - target.pos.z;

vector-transform(&posidf, &ro, Icg);

rdot.x = ro.xisin(w*ttr) + ro.y*(6*wiittr*sin(w*ttr).14*(l - cos(w4'ttr)));
delta = 3*w~'tr*sin(w*ttr) - 9*(1 - cos(w*ttr));
rdot.x 1=delta;
rdot.y =ro.x+(4*rdot.x-6*ro.y)*sin(w*ttr)+(6*ro.y-3*rdot.x)*w*ttr;

rdot-y =rdot.y/(-2)/(I-cos(w*ttr));

rdot.x w;
rdot.y w;

rdot.z = ro.z*w/tan(w*ttr);

omegs.x = 0.0;
oumpg.y -0.0;
omega.z = w;

vector cross(&Omega, &ro, &wxr-terni);

dvi lvlh.x - rdot.x + wxr-totrm.x;
dvi lvlh.y =rdot.y + wit terui-y;
dvi-lvlh.z -rdot.z + wxrtetrm.z;

mnatrix-tmnposek~cg, sci);

npaupred. a
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vector-tanfom&dviIvib, &dvl mSO 1, gcl);

dvi mSO.x - target.vel.x + dvi m5O1. x - chaser. vel. x;
dvi mSO.y - target.vel.y + dvi - 50_1.y - chawe.vel.y;
dvi aMS.z - waget.vel.z + dvi m%0i.z - chaser.vel.z;

predictor->thrusti.on - YES;

if (predictor-> thrusti .in-lvlh)

state-vector itolimatrix(&chaser, lcg);

else

quatemioný_toý_matrix(&predictor- > q~btoi- > quat, gcl);
matrix transpose(gcl, lcg);

vector-transfom&dvl1.50, &predictor-> thrust I .dv body, Icg);

return YE;

#endif NPS-RNDV

znpspred. c
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IAnclude <inuth.h>

#Includc ups.h"

"* This fuinction determines the time of the next plane crossing. It becomes

"* increasingly accurate as the time gets smaller.

double plane crossing time(State-vector *chaser, State-vector *target, Perturbations *P)

Vector ref sv-pos;
Orbmech -classicals clas -t, clas-c, clas-big, clas-smi;
double mu, delOM;
double deli, sin wpnu, cos wpnu, wpnu, nul sml, nu2_smi, p, e, n;
double nuo, ri, r2, ro, gi, g2, El, E2, time, t2;

mu = P- >Gravity. GMD.pianct-mu;

,getcias(&chaser->pos, &chaser->vel, &clas-c, P);
getclas(&Aarget->pos, &target->vel, &clas-t, P);

if (clas-c.i < clas-t. i)

cdas big =clas t;
clais-ml clas-C;
ref sv-pos = chasr-> pos;

else

clas big clas-c;
clan sml =clan t;
ref sPosP = target-> pos;

delOM = fabs(clas-t.Om - clan-c.Om);
deli = fabs(clas t.i - clan-c.i);
sin,_wpnu = sin(clasbig.i)*sin(delOM)Isin(deli);
cos~wpnu = (cos(cluas-ml.i) - cos(deli)*cos(clas big.i)) /sin(deli)/sin(clas-big.i);
wpnu - atan2(sinkwpnu,cos~wpnu);

nul - mi = wpnu - clan sml.0m;
nu2_smI - nul smi + PI;

plane. c
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p - clam ml.O(L.O - clam umi.O*cls gui.C.);
* - clam gui..;
U - clam mml.n;
mao - 2.0'atan(sqrt((l +e)VI- e))*tan(claskmml.Eo/2));
if (nul sul-nuo < 0.0) nuimsml +-2.0'PI;
if (nu2 smi-nuo < 0.0) nu2-sml I 2.0*PI;

ri =p/(1.0+c~co.(nmulmml));

r2 p/(1.0+e~cos(n%4_sml));
r= vector -mgnitude(&CLf V-Pos);

gI ri 'ro~in(nul smln - nuo)/sqrt(mu*p);
S2 =r2*ro~sin(nu2_saul - nuo)/sqrt(mu*p);

El - 2*atan(sqrt((l-e)/(I +e))*tan(nul sml/2));
E2 =2*ataa(.qrt((l-e)/(l +e))*tan(nui-smlI2));

time = Si - (sin(EI - clas smi.Eo) - (El - clas-sml.Eo))/n;
if (time < 0.0) time + - 2*PI/n;

Q2 - g2 - (sin(E2 - clam -sml.Eo) - (E2 - clam sml.Eo))/n;
if (t2 < 0.0) t2 + -2"'PI/n;

if (t2 < time) time t2;

return time;

planes. c
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Olnciude <musthb>

#include 'nps.h*

void nps~pyplo _display_ updateNps~pyplot info "'ths,
State -vector "target, State vector "orbiter,
Quaternion *quat, double ttime, double o time

Vector pyd;

nps~pitchjyaw(quat, target, orbiter, &pyd);
npsjpyplot~update(this, &pyd, t time, o time);

void nps~pyplot display stats(Npsyyplot -info *'this,
State-vector "target, State-vector *orbiter,
Quaternion *quat)

Vector pyd;

nps~pitch~yaw(quat, target, orbiter, &pyd);
UPSjPyplot-stats(this, &pyd, orbiter-> time);

* Returns:
* 0 Didn't use the key
* I Used the key
"*2 Used the key, My subsystem is done

int npsjpyplot key handler(Npsjpyplot info *this, int key)

return (key ==KEY esc 7 2: NO);

void nps~pyplot display init(Npsjpyplot info *this)

npjpyplotinit(this);

pydatta. c
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"* This function is designed to compute the PitchYaw angles from the orbiter
"* to the target.

"* Note: I assume both state vectors and the quaternion have beew propagated
"* and have matching times.

void nps~pitchyaw(Quawenion *q~btoi, State vector *target, State vector *orb, Vector *pyd)

Quatemnion qjitob;
double m5O~toýbody[3][3];
Vector duff, vec-to-target;
double rho;

qjitob =*q~btoi;
quaternion -conjugate(&qjitob);
quatemnion_toý_matrix(&_ijtob, mSO ~to_body);

diff.x -target->pos.x - orb->pos.x;
diff.y - target- >pos.y - orb- >pos.y;
diff.z = target->pos.z - orb->pos.z;

vector_transform(&diff, &vec to _target, mSO_to_body);

rho - sqrt(vec totarget.x * vec_toý_target.x + vec to _target.z *vec_totargct.z);

pyd->x = atan2(-vec~totarget.z, vec~totarget.x); IIpitch
pyd->y = atan2(vec~totJarget.y, rho); IIyaw
pyd- > z = vector magnitude(&diff); IIdistance(km)

pyda ta. c
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#lnclude <stdio.h>
Alnclude <math.h>

#lnclude <times~h>
#lnclude "nps.h*

extern Nps graphics info nps~graphics info;

*I use these structures to avoid extra floating-point work during realtime.

static struct pointtype axis;
static int labeljy, clear~pitcojaw;
static double radius - 150.0;

static struct IIPlot times

struct viewporttype view;
int linel~y, line2_y;

)time;

static struct IIStats (for other plots)

struct viewporttype view;
int lineljy, line2_y, line3_y;

)stats;

static struct IIPitch info

struct viewporttype view, data-view;
imt center X;
struct poi~n"tp view orgin, prey;

)pitch;

static struct IIYAW info

struct viewporttype: view, data-view;
iut center x;
atruct pointtyp view origin, prey;

)yaw;
static struct IIDistance info

py-plot. C
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stsuct viewporttpe dataý view;
int center-x;

)dist;

statc void points init(void)

int xmax = npsjsraphics -info.xmax;
int yanax = npsgrp~hicsinfo.ymax;
int xmid = upsjgraphics-info.xmid;
int c width =npsjrahics_infox c width-
int c height -nps~graphics-info.c-height;

time.view.Ieft =c-width * 8; IITop left corner
time.view.risht =time.view.left + c-width *16;

time.view.top pcheight/8;
time.view.bottorn = time.view.top + c height * 3;
time-view.clip = YES;
if (time.view.nrght > - xmax) time.view.night =xmax - 1;
if (time.view. bottom > = yanax) time.view.bottom = yanax - 1;

time.lineljY = c-height;
time.Iine2jy = (c height * 5)/2;

stats.view.left c width * 3; IITop left corner
stats-view. right =stats.view.left + c-width * 14;
stats.view.top =c _height * 5;
stats.view.bottom = stats.view.top + c height * 5;
stats.view.clip = YES;
if (stats.view.right > = xmax) stats.view. right = xmax - 1;
if (stats.view.bottom > = yanax) stats.view.bottom = yanax - 1;

stats.linelj = c height;.

stats. line2jy = (cjseight *5)/2;

stats.line3_y = c height *4;

axis.x = xmid;
axis.y = yanax * 0.70;

label~y - axis.y + c height * 2;

PY-Plot. C
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pitch.ceaiter-x - xmid / 2;
pitch.data view. ieft =pitch.center x - c width * 4;
pitch.data _view.rigbt -pitch.conter- x +-c width * 4;
pitcb.datyiviw. top - abel~y + C height_;
pitch.dataview.bottom - pitcb.data -view.top + c height *2;

pitch.view.Ieft -20;

pitch. view. rght axis.x - 20;
pitch.view.top 35;
pitch.view.bottom - axis.y - 20;
pitch.view.clip MiYES;
pitcb.view -orgin.x = (pitch.view.right - pitch. view.Ileft) / 2;
pitch.view_on~gin.y = (pitch.view. bottom - pitch.view.top) /2;

*1
yaw.center-x = xmid + xmid / 2;
yaw.dataview.Ieft =yaw.center -x -c width *4;
yaw.data view.right =yawxcenterýx + c width * 4;
yaw~data~view.top =label~y + c height;
yaw.data-view. bottom -yaw~data_view.top + c height *2;

yaw.view.left =axisix + 20;
yaw.vicw.right =xmax -20;
yaw~view.top 35;
yaw.view.bottom = axis.y - 20;
yaw.view.clip =YES;
yaw.view-origin.x = (yaw.view.rigbt - yaw.view.Ieft) / 2;
yaw.view-origin.y = (yaw.view.bottorn - yaw.vicw.top) / 2;

distxcenter ,x = xmid;
dist.data view.left =dist.center x - c width * 5;
dist.data-view. right =dist.center-x + c-width * 5;
dist.data view.top =label.. +Chight;

dist.data-view.bottom -dist.dataviewtop + c height *2;

typedef struct { struct pointtp p1, p2; ) Drawyoint;
typedef struct (stu¶ct pointtype p1; int al, a2, r; ) Draw _arc;

static void drawjpoints(Drawjioint *this, int count, mnt x origin, int yorign)

for (;count > 0; count-, this+ +)
linethis->pl.x + x orign, this->pl.y + yaprigin,
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this->p2.x + x origin, this->p2.y + y-origin);

static void drawarcs(Drawarc *this, int count, int x origin, int y-origin)
{

for(; count > 0; count-, this++)
arc(this->pl.x + x origin, this->pl.y + y_origin, this->al,this->a2, this->r);

}

static Drawpoint pitchjpointsD =
{

if 85, 18),1-27, 18)), //bottom
({-33, 12),(-15, -2)), //slant to canopy
((-10, -7),( 0, -7)), /top
{{0, -7),( 0, 0)), //payload bay (origin)

0{ 0, o),( 65, 0)),
{{ 65, o),( 65, -7)),
{{ 65, -7),{ 80,-27)), //tail

8( 80,-27),( 90,-27)),
({ 90,-27),( 85,-7)),
{{ 85,-7),( 85, 18))

#define PITCHPOINTS (sizeof(pitchjpoints)/sizeof(Drawpoint))

static Drawarc pitch-arcs[l] =
{

{(-28, 13),170,270,5), /nose
((-10, -2), 90,180,5) // canopy

#define PITCH_ARCS (sizeof(pitch arcs)/sizeof(Draw arc))

static Drawpoint yawjpoints[] =

{(-40, 69),(-10, 72)), /left wing tip to eng
((-10, 72),{-10, 79)),
((-10, 79),( 10, 79)), I/engines
(10, 79),( 10, 72)),
((10, 72),{ 40, 69)), II eng to right tip
{{ -7, 60),(-14, 76)), //engine outline
((-14, 76),( 14, 76)),
((14, 76),{ 7, 60)),
{{ 40, 69),( 40, 61)), //right side, tail to nose
{{ 40, 61),( 37, 54)),
{{ 37, 54),( 20, 34)),

pyplot. c
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((20, 34),( 15, 29)),
((15, 29),( 10, 5)),
((10, 5),( 7,-25)),
{{ 7,-25),( s,-31)),
{{ -5,-31),( -7,-25)), /left side, noae to tail
{{-7,-25),(-10, 5)),
((-10, S),{-l,29)),
((-IS, 29),(-20, 34)),
{(-20, 34),(-37, 54)),
((-37, 54),(40, 61)),
((-40, 61),{40, 69)),
{{ -8, 60),( 8, 60)), II payload bay
(-4, 45),( 8, 45)),

(-4, 30),( 8, 30)),
{{ -8, 15),{ 8, 15)),
{{-8, 0),( 8, 0)), / (origin)

-{ 4, 60),{ -8,-4S)),
8{ 8, 60),( 8,-4s))

},
#define YAWPOINTS (sizeof(yawjpoints)/sizeof(Dmw_point))

static Draw arc yaw arcs[]
{

({ 0,-29), 30,150,5) // nose
};
#define YAWARCS (siZeof(yawarcs)/sizeof(DIrawarc))

void nps_pypiotinit(Nps.pyplot info *info)
{

i mt xnmax = nps.graphics info.xmax;
int c width = nps_gMphics info.c width;

int xt;

*/

if (time.view.bottom = = 0) points initO;

cleardeviceO;

astextetyle(SMALLFONT, HORIZDIR, npsgraphics info.font-size);
setextjustify(CENTERTEXT,CENTER TEXT);

clear_pitcbhyaw - NO;

* Draw the dividers, labels, and outlines.

pyplot. c
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II ine(O'axis.y, xmax,axis.y);
WIheaxas.xO, axis.x,axia.y);

outtoxtxy(pitch~centerx, labey, 'Pitch*);
outtextxy(yaw.cterWx, labeijy, "Yaw");
ounextxy(axis.x, labeaiy, "Distance");

nps~plot clear view(&pitch.view, YES);
diaW points(jpitcpoints, PITCH POINTS, pitch.view~origin.x, pitch.view origin.y);
draw arcs(pitch arcs, PITCH ARCýS, pitch. view-origin. x, pitch.view-origin-y);
nps~lot-main-vicwo;

nps~plot clear vicw(&yaw. view, YES);
drawjoints(yawj~oints, YAWPOINTS, yaw.view origin.x, yaw.view-origin.y);
drawarcs(yaw-arcs, YAW-ARCS, yaw.view origi.x, yaw.view-origin.y);
nps-jlot main 'viewO;

*Draw time labels and menu bar.

settextjustify(LEFT _TEXT, CENTERTEXT);

xi = time.view.left - c-width * 8;
outtextxy(xl, time.view.top + time.Iincljy, info-> target,_title);
outtextxy(xl, time.view.top + time.hine2_y, info-> chaser-title);

nps~menuplot-init(info- > menu);

void npsjpyplot time(double ti, double tU)

int c -width = nps~graphics-info.c-width;
char work[20];

Pk

npsjplot clear view(&time. view, NO);
ettxtjustify(LEFrT TX,CENTERTEXT);

ti +- 86400.0;
ti=edbltoa~tring(&tl, work);
outtextxy(pcwidth/2, time.lineljy, work);

tU + -86400.0;
time-_dbl_toý_atring(&t2, work);
ouftextxy(c~width/2, time.line2_, work);

py-plot. C
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npsyplotniain-viewO;

void npsjyplot update(Nps~pyplot info *info, Vector *pyd, double ti, double t2)

static char fmtjpy[] = '%5.1f", fmt-distil = "%6.If Kft*;

int -wdth ups graphics -infoxc width;
int -heght npsjgraphicsinfo.cýheighit:

int x, y;
char work[24];

*Draw the pitch line, clear the previous line first (unless the plot was
* just initialized).

apsyplot set view(&pitch. view, YES);

if (clear~pitcbjyaw)

setcolor(O);
line(pitch.view-origin.x,pitch.view origin.y, pitch.prev.x,pitch.prev.y);
setcolor(7);

drwpit)ic~ons IC-ONS ich iwoii.x ic~iw-oii~)
drawjoins(pitch-aoins, PITCH- PORC S, pitch.view-origin.x, pitch.view_origin.y);

dra arcspitch~pe~ ar tcs, PITCHARCS,~ pintchviw raigisx *cpitcdviworgin

y = pitch.prev.x - pitch.view-origin.y - (int)(radius * csi(pyd->x));

line(pitch.view-origin.x,pitcb.view-origin.y, x,y);

upajilot main viewo;

*Draw the yaw line.

npsyplot set view(&yaw. view, YES);

if (clear-pitch-yaw)

setcolor(O);
Iine(yaw.view-origin.x,yaw.view origin.x, yaw. prev.x,yaw. prev.y);
setcolor(7);

drwpitIapitPTHPITywve-rgnx a~iw-oii~)
drawjioins(yawjoints, PITCH POINS, yaw.view origin.x, yaw.view-origin.y);

py-Plot. C
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x - yaw.prev.x = yaw.view origin.x + (int)xradius * sin(pyd->y));
y - yaw.prev.y = yaw.view-orgin.y - (intXradius *cos(,pyd- >y));
line(yaw.view-origin.x,yaw.view-oragi.x, x,y);

nps-plot-main-viewO;

*Draw the pitch/yaw/distance numbers.

sefttxtjustify(LEFTTEXT,CENTERTEXT;

npspIot clearview(&pitch.data view, NO);
sprnntfZwrk, fmtpy, pyd- > x * RAD -TO -DEG);
outtextxy(c width, c height, work);
npsIot main viewO;o

npsyliot clear view(&yaw.data _view, NO);
sprintf(work, fmntjpy, pyd- >y * RAI)_TODEG);
outtextxy(c width, c height, work);
npsjot main view;o

nps~plot -clear view(&dist. data view, NO);
pyd->z "'= Kilom-ToKiaLor;
if (pyd->z < 1.0) ( fmt~dist[6] ' pyd->z *=1000.0;)

else { fmt dist[6] = WK;)
sprintf(work, fint dist, pyd->z);
outtext~xy(p widthT, c height, work);
npisplot-main viewO;

npsyyplottime(t 1, t2);

clearjpitchjyaw = YES;

void npsjiyplot stats(Nps~pyplot info *'info, Vector "'pyd, double time)

static char fimtj-f = "Pitch %6. 1f", fintjy[] = 'Yaw %6.1 f";

int c-width - npsjmphica info.c width;

char work[20J;

if (stata.view.boftom -- 0) points inito;
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.seftsxusfify(LMFT TEXT, CENTERTEXT);

npsyot clear vicw(&atat.vicw, NO);

uprintf(work, fmntp, pyd- > x * RADTO_-DEG);
outtexty(c width, stats.lineljy, work-);

sprintf(work, fmntj,, pyd- >y * RAD TO -DEG);
outtextxy(c width, stats-Inej wok);

time + 86400.0;
time-dblUtostring(&ime, work); work[12J - 0;
outtextxy(c _width, stats~ine3_y, work);

npslot main viewO;

py plot. c
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finclude < alloc~h>
finclude <mem.h>
Einclude < iobh>
#Include < fcntl.h >
Dinclude < stio.h >

#include 'nps.h"

hit nps~rvplot__data-init(Nps rvplot info *this,
uahort max mem, ushort config_ mem, Emm-info %emm)

int handle;
Nps-log file header header;

*Try to Set EMM memiory first, and 64K of it. Otherwise use normal mem.

if (enmm info exists(emmn)) emnim construct new(&this- >emm, emm, 4);

if (enim_exists(&dhis-> enm))

char namef 10];

memcpy(name, this->log flie name, 8);
emM name _set(&this- > enim, name);

this-> ring_,max = Oxffff / sizeof(RV vector);
masx mem = sizeof(RV vector) * this- > ring max;
this-> ring buffer - MX _FP(emm- >phys.segments[O], 0);

emm map multi(&this-> emni, EMMjihys~jage, 4, enim-> map_0123);

* Ring max may already be initialized, if not then compute it from the
* max-mem argument. Allocate the ring buffer.

else

if (conflg~mem > 1024)
this- > ring max =config_ mem / sizoof(RV vector);

if (this-> ring max =-= 0)

this-> ring max -max..mem / sizeof(RVý_vector);

rv-dat~a. a
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thi- > nnLbuffer - mafloc(maxmem -sizeof(RV vector) * this- > ring-ma);

if (this-> ring buffer - -NULL) return NO;

*Clear the ring buffer, and tby to open my log-file.

inemset(this- >ring buffer, 0, max mem);

if ((handle = open(this- >log file-name, 0 RDONLYf 0 OBINARY)) < 0) return YES;

"* Read and verify the log-file header pattern, then fill my ring buffer
"*from the file. Iassumeall samples are in time order in the file.

if (read(handle, Mheader, sizeof(beader)) = sizeof(header)
&& memcmp(&header. this- > log file adr, sizoof(header)) ==0)

this-> next sample = read(handle, this-> ring_ buffer, max mem) I sizeof(RV vector);
this-> prey sample = this-> next sample - 1;

if (this- >next sample > =this- >ring-max)

this->next sample = 0;
this->ring-full = YES;

else if (this- > next sample < =0)
this->prev sample = this- >next sample 0;

close(handle);
return YES;

void nps rvplot data _stop(Nps rvplot info *this)

if (emmn exists(&this-> emm))
cimRdestroy(&this- > emm);

void nps rvplot datasa"ve(Nps~rvplotinfo *'this)

int handle;
uWhort size;

rv-data. c
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*Try to open/create the log-file. Writs the hedrPattern.

if ((handle - open(this- > log file _name, ORDWR I0 CBINARY I OýCREAT, 0666)) < 0) return;

write~hndle, this-> log file _hdr, siaaof(Np*_logjfile .hedadr));

*I must write the samples in time order.

if (suMznexiut$(&this- > sum))
enuRmenp multi(&this- >emin, EMMphyspage, 4, this-> emin. info-> map 01 23);

if (this-> iring full)

size - (this- >ring-max - this- >next _sample) * sizaof(RV vector);
if (size) write(handle, this- >ring buffer + this- >next sample, size);

size - this-> next-sample * sizoof(RV vector);
if (size) write~handle, this- > ring buffer, size);

_write(handle, 0, 0); // Truncate file to current size
close(handle);

ths > =ig:i - NO; === == =- -

ths- prev= == = ===== = ======xtsapl = 0;

void ups rvplot data flush(Nps rvplot info *this)

this->ringeto nf fulla ths No;aer
Rhi->ptre*v sapl- this- > rnext samp + 0;s ex-ape

void ~ ~ ~ ~ ~ ~ vdaa cp vltdt paeNsrpo no*hs
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rv->tim - cbaser->sv.tiine;

this- > prey sampl - this- > next sample;
this- > next asmple+ +;
if (this- > next sample > - this- > ring~uis)

this->naxt smple -0;
this- > ring full - YES;

void npsrvplot display_ update(Npsjrvplotjinfo *this, double t-time, double c time)

Nps stale _vectorjnfo *target =this- >target;
Np. state-vector-info %chaser thiis- > chaser;
Vector poe;

if (target- >got one ==NO IIchaser- >got-one ==NO)

nps~rvplot__time(tLtime, ctime);
return;

if (this-> predictor- >on = = NPSypredict-now) nps~rvplot-display~future(this);

voctor rvbu(&target-> sv, &chase-> sv, &pos, &this-> last rydot);
this- >crossing time. = plane crossing time(&chsser-> sv, &target- >sv, this-> predictor-> perts);

npservplot__point(&dhis- > display, &pos, t time, ctime,
(this-> ring full ? this-> ringyiax :this- >next sample),
&this- > last rvdot, this- > crossing time);

static void nps rvplot _find origin(Nps~plotaxis "axis, double point)

double step - axis-> range/2.0;
int steps;

point *- IKILOM TO KILOFF

if (point < axis->;orig-in - step) step =-step;
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els if (point < - axis- > origin + slep) return;

steps - (intX(point - axis-> origin) / step);
axis->origin + s stp * steps;

}

* Returns:

* 0 Didn't use the key

* I Used the key
* 2 Used the key, My subsystem is done

int npsrvplotkey_handler(Nps rvplot.info *this, int key)
{

int rc = YES, refresh = YES;

Nps.plotaxis *axis horz = this->display.axis + this->display.axis horz;
Nps.plot axis *axis vert = this->display.axis + this->display.axisvert;
Nps.plo *axis ;axs

double rangedelta;
RV vector *sample;

*/

switch (key)
{

case KEY esc: return 2;

case KEY cr: break;

*1

case KEY up: axis vert->range * 2; break;
case KEY down: axis vert->range 2; break;
case KEYleft: axis horz->rtnge 1 2; break;
cae KEY right: axishorz->range - 2; break;

/* •
*/

can KEYcacfl_up:
case KEY cntl down:
case KEYcanll left:
case MýYcaLright:

axis - (key -- KEY_cntlup II key KEY cntidown ? axis vert : axis horz);
range..delta - axis->range/4.0;

if (key - - KEY cntlup I key = = KEY_cntl_right)
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if (axis- > origin > 0 && axis- > origin < - range delt&)
axis->origin - 0.0;

else axis->origin -- range delta;

else

if (axis- >origin < 0 && -axis- >origin <- range delta)
axis-> origin - 0.0;

else axis-> origin + - range-delta;

break;

case KEY home:
this- >display.axis[NPS axisX].origin =
this-> display.axis[NPS~axisY].origin =
this-> display.axis[NPSfaxisZ].origin = 0.0;
break;

case KEY end:
sample = this-> ring buffer + this-> prey' sample;
nps~rvplot__find_origin(&dhis- >display.axis[NPS _axis Xl, sample-> pos.x);
nps~rvplot_find_origin(&this- >display.axis[NPS axis Y], sample-> pos.y);
nps~rvplot_find_onigin(&this- >display. axis[NPS axis_Z], sample->pos.z);
break;

case KEY space:
if (this- >menu list[this- > menu id] NULL) this- > menu id 0;
else this- >menu-id ++;
break;

case KEY-shft-f6:
this->plot type = NPS rvplot-iv;
this-> display.axis-vert =NPS-axis-Z;

this,->display.axis hon = NPS _axis _X;
break;

case KEY shft *7
this->plot type = NP~rvplothv;
this- >display.axis-vert =NPS axisY;
this- >display.axishorz -NPiaxis)C

break;

case KEY shft fS:

this-> plot type =NP~rvplotrjh;
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this->displ&Y.axis~vert -NPS axis -Z;

this-> diplay.axis-bon NPS axis Y;

can KEY shk-t19: this->hbaronW - (this->hbar on ? NO: YES); break;

default: rc - NO; break;

if (rc ==YES && refreh ==YES) nps~rvplot~displayinit(this);

reamzr re;

void nps rvpiot _display init(Nps rvplot info "'this)

RV vector "'sample;
ushort samples;

if (emm exists(&this- > mm))
emm map multi(&this- >emm, EMM~physyage, 4, this-> emm. info-> map 0123);

sample = this-> ning buffer + this- > prey sample;
nps-rvplot init(&this- > display, sample, &this- > last rvdot,

this- > men-u -list(this- > menu idJ, this- > plot type, t~his- > hbar-on,
this- >ring~max, (this- >ringfull ? this- >ring max : this- >next sample));

"* Figure out how may RV samples are in the ring buffer, then process all
"* the valid samples.

if (this- >ring full= YES) samples = this- >ring~max;
else samples = this- > next sample;

for (sample = this-> rnngbuffer; samples > 0; samples-, sample++)
nps~rvplot~pointfast&this- > display, &sample- > pos);

void nps rvplot menu off(Nps rvplot info *this)

for (this- >menu id = 0; this- >menulIistfthis- >menu-id] NULL; this- >menu-id + +);
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void nps rvplot display future(Nps rvplot info "this)

Np.stdate vector info *targt this-> target;
Np.stsate vector info *chaser = dis-> chaser;
Npsjareictor *predictor - this->predictor;

Orbmech -classicals chaser-clas, target~clas;
int cut;

int thrust -on, thrust -waiting, gotrmdv dv;
State vector chaser2;
Orbtiech classicals cbaser2-clas;
double thrust_delay, mndv-dist;
Vector mndv-dV;

if (target- >got one ==NO flchaser- >got-one ==NO) return;

ups rvplot display init(this);

getclas(&chaser- >sv.pos, &chaser-> sv.vel, &chaser-clas, predictor-> perts);
getclas(&target-> sv.pos, &target- > sv.vel, &target_clas, predictor-> perts);

if (predictor-> thrustl Lon)

chaser2 = chaser-> sv;
thrust-on = nps~predictor__thrust(predictor, &chaser2);

else thrust-on - NO;

if (thirust on)

getclas(&chaser2.pos, &chaser2.vel, &chaser2_clas, predictor- >perts);
thrust_delay = chaser2.time - chaser-> sv.time;
thrust_waiting = YES;
got_ mdv ydv - NO; mdv dist - 800.0 * FTTOKILOM;

for (cot - 1; cnt <=- predictor-> steps; cnt+ +)
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double dt - cut * predictor->"te;
State-vector target_ new, chaser new;
Vector rvypos, rvdot;
char work[gI;
double dist;
int bright =YES;

if(cnt <= 10 11 (cut % 10)==0) spnintf(work, "U", cut);
else bright - NO, work[Ol = '+', work[1] =0;

f and S(&chaser->sv.pos, &chaser-> sv.vel, &chaser_new.pos, &chaser-new.vel, &chaser-clas, dt);
fandgi(&target-> sv.pos, &target-> sv. vel, &target new.pos, &target_new.vcl, &targct_clas, dt);

vector rvbar(&target new, &cbaser-new, &rv~pos, &rvdot);
nps~rvplotpoint~text(&this- > display, &rvjpos, work, bright);

if (thrust-on = = NO) continue;

if (thrust-waiting)

if (dt < thrust-delay) continue;
thrustwaiting = NO;

if (work[OJ '' work[0] = 'o';

dt - thrust-delay;
f and~g(&chaser2.pos, &chaser2.vel, &chaser-new.pos, &chaser-new.vcl, &chaser2-clas, dt);

vector_ rvbar(&target._new, &chaser-new, &rvj~os, &rvdot);
nps~rvplotpoint-text(&this- > display, &rvj~os, work, bright);

if ((diet = vector magnitude(&rv~po)) < rndv-dist)

mdv diet = diet;
got mdv dv = YES;
vector-diff(&haaer-new.vel, &target-new-vel, &rndv dv);

if (thrst_on && got mdv dv)
nps-rvplot__mdv(&.this- > display, &mndv_dv, mdv-dist);
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*Plot Vertical Horizotal

* RV Rbar z Vbar x
* HV Hbar y Vbar x
* RH Rbar z Hbar y

#include < stdio.h >
#lnclude < matb.h >

#Include <timeshb>
#include "nps-b"

extern Nps graphics-info nps~graphics-info;

*I use these structures to avoid extra floating-point work during realtime.

static struct H Plot times

stnact viewporttype view;
int lineljy, line2_y;
int line3_y, line4_y;
int desc-color;

)time;

static struct IIRbar Vbar Hbar numbers

struct viewporttype view;
int lineljy, line2_y, line3j, line4y, line5j;
int label-color, value-color;

)rvh-bar;

static struct IIBuffer numbers

struct viewporttype view;
int lineU'Y, line2j;

buffer;

static Struct IIHbar 'wander' box

struct viewporttype view;
int bline xl, bline x2 hlinejy;

rv~plot. c
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int vline-x, vliney I, vlinejy2;
int ns delta x, hbarj';
int kftx, k-ftjyl, kftjy2;
int cross -x, cross xt;
int is on;

h bbar;

static struct

int rlinejy2;
struct pointtype label vert, label horz;
int label color;

axisJ;

static struct IIRndv numbers

struct viewporttype view;
int linel~y, line2_y;

)mdv;

static ant plott"p;

typedef struct IILAbels Etc. for all three plots

char label vert[S], label-horz[5], title[201;
)My-plot stuff;

static My-plot-stuff plot stuff[3]

/* RV *1{Rbar", "Vbar", *View from the Side" }
/* HV *1{ Hbar", "Vbar", 'View from Below* }
/* RH */{ Rhar", "Hbar", "View from Front"*

static void points init(void)

int xmax = npsjsraphics -info.xmax;
int ynax - npsjrphcsinmfo.ymax;
int xmid - npsjgraphicsinfo.xmid;
int ymid -npsjgraphics info.ymid;
int c width = p-sgraphics infoxc width;
int c height =npsrahc -nochigt
imt c drop = c height + c-height/2;
int xsize, ysize;

rv~plot. c
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IItime.view.left xmax * 0.05; IIBottom left comner
IItirne.view.top - *x 0.833;

time.view.left =c-width 8; IITop left corner
time.view.night =time.view.left + c width * 16;
time. view.top -c~heightlt;

time.view.bottoni = time.view.top + c height * 3;
time.view.clip - YES;
if (time.view.right > =xmax) time.view.right = xmix - 1;
if (time.view. bottom > -ymax) time.view.bottom = ymax - 1;

time.linel~y = c~height;
time.line,2y - tirne.linel-j + c-drop;
time.line3_y = time-line2_y + c-height*2;
time.lina~y = time.line3_y + c-drop;

time.desc color = 11;

rvh bar.view. left -xmax * 0.875; IIBottom right corner
rvh-bar.view.night =rvh -bar.view.left + c-width * 14;
rvh -bar.view.top =yzam * 0.790;
if (yinax < 480) rvh bar.view.top -= q height * 2;
rvh -bar.view.bottom = rvh -bar.view.top + c-height *8;

rvh -bar.view.clip - YES;
if (rvh-bar.view.right > = xmax) rvh-bar. view. right xmax - 1;

rvh -bar.lineljy = c~height;
rvh -bar.line2_y = rvh -bar.lmneljy + c drop;
rvh -bar.line3_- v ali2y+ drp

_v -bar.line4jy = rvh~bar.line3_y + c drop;
rvh bar.lineS~y = rvh-bur~line4_y + c drop;

rvh bar. label color =7;

rvh~bar.value- color =14;

buffer. view. left =c-width * 5; IIBottom left corner
buffer.view.right =buffer.view. left + c-width*6;
buffer.view.top =ymax * 0.8965;
buffer.view.bottom = buffer.view.top + c height * 2;
buffer.view.clip - YE;
if (buffer.view. rght > -xmaic) buffer.view.right = xmax - 1;

buffer.linel~y - Cheight;

buffer.line2_y - buffer.linel~y + c-drop;
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rndv.view.Iett = buffer.view.right + c width *8g; IIBottom left

rndv.view.right - mdv.view.Ieft + c -width * 14;
,ndv.view.top - biffer.view.top;
rndv.view.bottom -mdv.view.top + c height *3;
rndv.view.cfip - YES;

rndv.lincljy buffer.Jinel~y;
mndv.Iine2_y - buffer.Iine2j;

xsize - xnax * 0.25;
ysize = yinAX * 0. 15,

h bar.view.left =xmax - 1 - xaize; IITop right comner
h~bar.view.ngsht xmax - 1;
h ber.view.top 0;
h~bar.view.boftom -ysize;
h-bar.view.clip = YES;

h bar.hline xl - xsize * 0.0625; /6.25% of box width

h~bar.hlinex2 = hbar.hline x) + xsize *0.875;

hbar.hlMej- = ys-izc * 0.40;,

h bar.vline x -=sz j* 0.50;
h-bar.vlinejyl = ysize * 0.2 1;
h-bar.vline~y2 = h-bar.vlnc..yl + ysize *0.25;

h-bar.ns-delta x = xsize * 0.03125;

h-bar.hbar-' ysize *0. 10;
h bar.kft~yl =ysize 0.82 - c-height;
Cbar.kft~y2 h bar.kftjyl + 10;
h~ber.kft-x =c -width;
hb br.crOSS x c width * 16;
h~bar.cross-xt - hbar.cross-x + c-width *4;

"axs.rlinejY2 = ymax * 0.92; IIR axis is 92% ymax

axis.label -vart.y = xi.rline~y2;
axis.lab.lihorz.x c-Width *2;
// axs~label vert.x =xtnid + c width;
II axis.l14el.horz.y ymiid - c-height;
axis.label color = 12;
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mm~~~~~~ mm mm mm m mmmm m=m=m mm

void aps rvplo _init(Npsplo info *info, RV vector *prev, Vector Oprevvdot,
char **muiu, int type, int hbbr-on,
ushort buffer-ma, usbort buffer cat)

static char fkntl(J - '%31f1C- fuit2fj - %S.3tK";

int xmax mnpsgrpvbicajnfo.xinax;

int xmid -npsjraphics~info.xmid;

int yanad *npsjapbics~info.ymid;

int c width = ps graphics info.c width;
int c height n ps graphics info.c height;

Npsjilot axis *axis hon - info->axis + info- >axis horz;
Nps-plot axis *'axis-vert =info->axis + info-) axis-veft;

_txorigi, y origin, x_axis_show, y-axis-show;
int xlI, x2, x3, ylI, y2, y3, cut;

char *fmt, work[32];
double step, point;
int x ange is-ft. y-range-isft;

if (time.view.bottom ==0) points~inito;

cleardeviceo;

settextstyle(SMALL FONT, HORIZDIR, npsSraphics info.font-siz~e);

plot type = type;

*Draw the Wander box.

h-bar. i"o = (type ==NP~rvplot-rv && hbar on =YES);

if (hbar.is~on)

nps~plot__clear view(&bbar.view, YES);

line(h bsr.hline xl, h bar.hlinejy, h bar.hliue-x2, h-bar.hlinejy);
line(hbar.vline-x, h ber~vinejl, h barmvize x, h-bar.vlinejy2);

aefttxtjustify(CENTER- TEXT,CENTERTEXT);
outtextxy(bbar.hline-xl + h bar.ns delta -x, b bar.hlinej + c-height, *N*);
outtextxy(h~bmr.hline-x2 - h bar.nsJdeta-x, h bar.hlinej, + c-height, "S");
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ouuextxy0hbar.vliue-x, h ber.hbary, ahbarn),

saatxtjustify(LEPTTEXT, CENTERTEMi;
ouflexxy~b00m.croaax, h bar.kfty 1, ucrosbovern);
otwxtxy(h~bsr.croessx, h bur.kftjy2, ' in');

nps-plot-main-viowO;

*Draw horizontal/vertical axis.

*I pretend I'm drawing in a lxI window, but the y-axis is clipped more
*than the x-axis, thus all scaing is done with the x-axis size.
*The X origin determines the location of the Y axis and visa-versa.

setcolor(7);
settextjustify(CENTER_-TEXT,CENTER TEXT;

x-axisshow = y~axis-show = YES;

//GIGO
x-origin = (intXaxis horz- >origin * (double)xmid / axis horz- > range) + xmid;
if (x origin > = nps graphics info.xmax)

if (xorigin > npejraphics-infoxmix) y_axis-show = NO;
x-origin = nps-sraphics info.xmax - 1;

else if (x,_origin < 0) 4 x origin = 0; y~axis-show = NO;)

yorigin = (intX-xids vert. >origin * (doiible)xmid / axis vert- > range) + ymid;
if (y origin > = npsjraphics-info.ymax)

if (y origin > nps~graphics-info.ymax) x-axis-show = NO;
yorigin = nps~graphics info~ymax - 1;

else if (y Origin < 0) 1 y origin = 0; x-axis-show = NO;)

setlinestyfr((y asxis show ? SOUD-UNE: DOT17EDUNE), 0, NORMWIDTH);
iine(x ýorigin, 0, x origin, axis-rfiney2);

setlinestyle((x axis show ? SOLID LINE: DOTTED UNE), 0, NORMWIDTH);
line(O, y origin, xmax-1, yoqrigin);

sedinestyle(SOUDUNE, 0, NORM-WIDTH);

*Draw horizontal axis ticks

*The range tells we how munch to show on one axis (from center to edge),
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"* and is divided into four sections. "Step" is the value of one section.
"* The is always in kilo-fet (as are the da points), but I switch
"* the labels to feet when the range grows too small.
* The loop makes tick-points and labels travelling out from the center.
*/

//IlGO
soeuxtjusfify(LEFr_TEXT, CENTER_TEXT);

step - axis horz->range / 4.0;
if (step <- 1.0)

xjange isft - YES;
fmt - (fabs(axishorz->origin) <- axisborz->range ? fmtl: fint2);
funt[5] = 0;

)
else ( x range-is-ft = NO; fint = fmtl; fmt[5] = 'K';)

y I = y origin - 5; y2 = yorigin + 5;
if (yorigin > npsgraphics info.ymax - 20) y3 - yl - c.height;
else y3 = y2 + c-height;
setcolor(axis.label color);
outtextxy(axis.labelhorz.x, y3, plot-stuff[plottype].labelhorz);
setcolor(7);

settextjustify(CENTER TEXT,CENTERTEXI;

for (cnt -0; cot < = 3; cnt+ +)
{

x3 = xmid/4 * cut;

if ((xl = xmid - x3) != xorigin)
{

line(xl, yl, xl, y2);
point = step * cot + axishorz->origin;
if (x_rangeis-ft) point *= 1000.0;
sprintf(work, fint, point); outtextxy(x1, y3, work);

if (cnt = = 0) continue;

if ((x2 = mid + x3) !-= xorigin)
{

line(x2, yl, x2, y2);
point = step * -cnt + axis-horz->origin;
if (xrangeis.ft) point *- 1000.0;
sprintf(work, fint, point); outtextxy(x2, y3, work);

)
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*Draw vertical axis ticks.

* The rap ng asths axis is divided into four sections per side. mans as
*w thehcwzaat axis, but only thrm of them fit on the -crees.
*Don't forget that we're pretending to draw in a IxI window, but the
s ctua X-axis is lage, so we =iAt scale the points using the x-size.

//GIGO
autxmjustify(LEFTET,.CENTE~jXT)M;

step -axis vert- > ange / 4.0;
if (step < 1.0)

y rngeisft - YES;
fuit = (fabs~xis~vert- >origin) < -axis-vcrt- >range ? fint I fit2);
fmn45] - 0;

else ( yrangejis_ft -NO; fmnt - fmntl; fmnt[5] - 'K;)

xl x origin-S5; x2=x origin +5;
ifx origin > opsguuphics info.xmax -20) x3 -x] - c width ag 6;

else x3 - x2 + c width;
satcolor(axis.blbel color);
outtextxy(x3, axis. label vert~y, plot stuff[plot type].labelyecrt)
setcolor(7);

for (cot = 0; cot < = 2; cnt+ +)

Y3= xmid/4 * cot;

if ((ylI ymid -y3)!y_origin)

Iine(xl, yl, x2, yl);
point = step * -cnt + axis-vert- >origin;
if (y-rangeisýft) point *= 1000.0;
sprintf(work, fmnt, point); outtextxy(x3, yl, work);

if (cnt - = 0) continue;

if ((y2 -ymid + y3) !- y~origin)

liexl, y2, x2, y2);
point - step * cot + axis vert- >origin;
if (y-=ge-isft) point *= 1000.0;
sprintf~work, fint. point); outtetxuy(x3, y2, work);
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*Draw number box, time, labels, and menu bar.

smflxtjustify(LEF~rTEXT,CENTERTEXT);

xl - rvhbmbr.view. left - c-width * 4;
astcolor(rvhbar-label-color);
outtextxy(xl, rvb bar.view.top + rvhbsbr.lineljy, *vbar');
outtextxy(xl, rvh-bar.view.top + rvb-bau-line2j~, 'that);
outtextxy(xl, rvh bar.view.top + rvh-barxlne3y, 'hbar');
outtextxy(xl, rvh bar.view.top + rvh bar.Iine4y, 'dist');
outtextxy(xl, rvh bar.view.top + rvh bar.line~y, *rate*);
setcolor(7);

xl - buffer. view. left - c-width * 5;
outtextxy(xl, buffer.view.top + buffer.linelj,, 'butt');
outtextxy(xl, buffer.view.top + buffer.line2y, ' of w);
xl = buffer.view. left + c widthl2;
sprintf(work, *%4ta', buffer max);
outtextxy(xl, buffer.view.top + buffer.line2j, work);

xlI = time. view. left - c width *8;
outtextxy(xl, timie view.top + time.linel-y, info-> target title);
outtextxy(xl, time.view.top + time.line2y, info- >chaser-title);

setcolor(time.desc color);
xlI +=- c width * 4;
outtextxy(xl, time.view.top + time.linc3j', plot-stiaff~plo:_typc]. title);
setcolor(7);

if (menu !-NULL) npsmenuplot-init(menu);

*Draw the previous known time and data values.

nps~rvplot~values(prev-> pos.x * KIOMTOKILOFT1, prev-> pos~y E3KLOMTOKILOFTr,
prey- > pos.z * IaLO)M TO KIlLOFT, prev rvdot- > x IGL)M-TOKIILOFr,
prev~rvdot- > z * KILOMTOKIaLOFr, buffer _cnt);

upS rvplot time(prev- > time, prey- > time);

void nps-rvplot time(doublc tl, double t2)

int c width - npvSgraphics info.c width;
char work[20J;

rv-plot. c



rv~plot. c

nxpW__otclear view(&time.view, NO);
wsextuTTy(EFXTC ENI TER_1D);

t1+ - 86400.0;,
time dbl to t 1g(a, work);
outtoxtxy(c~widthl2, time.linel~y, work);

t2 + - 86400.0;
time dbl to sig(&2 work);
outtex-txyT(cwiddhl2, time.line2_y, work);

ap-jiot main viewO;

void nps rvplot-values(double x, double y, double z,
double d, double rdot, ushort buffer-cnt)

static char fint rvfl = "%8.3f Kft/s";

ant c-width = nps~jrapbics-iHfo.c-width;

char work[32];

nps~plot -clear view(&rvh bar, view, NO);
settextjustify(LýFrTTExT,-CENTER_TEXT);
setcolor(rvh-bar.value-color);

fnt~rv[9] =0;

if (fabs(x) < 1.0) jfmt rv[6] ' x 100.0;)
else ( fhnt rv[6] = WK;
sprintf(work, fintrv, x);
outtextxy(cwidthl2, rvh bar.linel~y, work);

if (fabs(z) < 1.0) ( fmtrv[6] '' z *- 1000.0;
else ( fmtrv[6] - 'K;
sprintf(work, fhine v, z);
ouftextxy(cwidthl2, rvh bar.line2j, work);

if (fhbs(y) < 1.0) ( fimktrv[6] ' y *- 1000.0;
else { f*ntrv[6J - 'K;)
sprintf(work, fiat rv. y);
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auflextxy(c-width/2, rvh bar.Iie3_y, work);

if (fasd) < 1.0) ( fail rv[6J ] ' d *- 1000.0;)
else Iw fbrv[6J - 'K;

sprintf~work, fiat rv, d);
oufttxtxy(c-widhL/2, rvh bsr.line4_y, work);

fuitrv[91 ''

if (W~erdot) < 1.0) ( fhnrv[6J '' rdot '~1000.0;)

else ( fbat rv[6] - 'K'; )
sprintf(work, fiat v, rdot);
outtextxy(c-widthl2, rvh bar.IineS~y, work);

setcolor(7);
npsjplot clear view(&buffer. view, NO);

sprintf(work, *%4u*, buffer cat);
outtextxy(c~widthl2, buffer.linel~y, work);

aps~plot main viewo;

void nps rvplot hbardouble y, double ydot, double crossing time)

static char fiat-hOI = *%8.3f Kft/s";
static char ft[20], fps[24], timej20];
static int old~y;

int c height = nips~graphics-infoxc-heigbt;
imt Ming, saec;

inetviewport(hhar.view.Ieft, h bar.view.top, h_bar-view.right,
h-bar.view.bottom, h-bar.view.dip);

settextjustify(CENTER TEXT,CENTERTEXT);

setcolor(0);
outtextxy(hbar.vline-x + oldjy, hbsar.hlmnej - c_height,

aetcolor(7);
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oldy (int)(y * 100);
ounbxtxy(hbsr.vline-x + old~y, h ber.hlinej' - c-height,

ueaextustify(LSFT_TEXT,CENTERTEX1;

actoolor(o);
outtextxy(bbar.kft-x, h-bar.kftj,1, ft);
oufextxy(bber.kft-x, b bar.kftjy2, fps);
outextxy(hbar.crosszt, h,_bar.kftjy2, time);

setcolor(7);

fmth[9] = 0;
if (fabs(y) < 1.0) (fmnt h[61 =y ' y* 1000.0;)
else I fmt h[6] =KW;
spnintf(ft, fmnt-h, y);
outtextxy(hbar.kft-x, h-bsr.kftjyl, ft);

fmt_b[9] = T';
if (fabs(ydot) < 1.0) ( fmt h[6] =';ydot "=1000.0;)

else ( fmt h[61 =KW;)
sprintf(fps, fmt~h. ydot);
outtextxy(h~bar.kft-x, h-bar.kftjy2, fps);

inins =crossing-time / 60.0;
secs crossing time - (mins *60);
sprintf(time, "%02.2d:%02.2d", mins, secs);
outtextxy(hbar.cross-xt, h bar.kftjy2, time);

npsjlot__main_viewo;

void nps rvplot~jxint(Nps~plot info *info, Vector *pos,
double ti, double t2, ushort buffer cnt,
Vector *rvdol, double crossing time)

IIGIGO
int xmid - npsSrapbcs~info.xmid;
int ynaid - npsSrVphcsjnfo.ymid;

double x - pos- > x *IMLOM-TOJCIWFT;
double y - poe- > y *KILOMTOCIGLOFT;
double z - pos- >z * KILOMTOKILMOFT;
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double dist =rvdot- > x KILOM TO KILOE;
double ydot =rvdot- >y KILOM_ T6KILOMT
double rdot rvdot- >z X3KLOM_TO_1K3LOFT;
double honz, veon;

Npsaplot -axis *axis h orz =info->axis + info->aXis-horz;
Npsjplot axis *axis-veal info-> axis + info-> axis vert;

int xpoint, ypoint;

nps~rvplot-values(x, y, z, dist, rdot, buffer-cot);

nps~rvplot-time(tl, t2);

if (h~bar.is on) nps~rvplot__hbar(y, ydot, crossing time);

honz (p (jIot tpe NPS rvplot rh ? y: x);
vert (plot"tp NPS rvplot by ? y:z)

xpoint = (intX-(horz-axis horz- > origin) * (double)xmid / axis-horz- > range) + xmid;
ypomnt = (int)((vert-axis -vert- >origin) * (double)xmid / axis -vert-> range) + ymid;
if (xpoint > = 0 && xpoint < nps~graphics-info.xmax
&& ypoint > = 0 && ypoint < nps..graphics-info.ymax) putpixel(xpoint, ypoint, 7);

---- = --------- =--------------------

void npsrvplotpoint-fast(psjplot-info *info, Vector *pos)

int xmid = ops raphics info.xmid;
int ymid = npsSrmphics~info.ymid;

double x = pos->x * KILOMTOKILOFT;
double y = pos- >y * K3LOMTKIaLOFT;
double z = pos->z * INOMTOK3LOFI'
double horz, vert;

Npsjplot axis *axis -hon = info->axis + info-> axis horz;
Npsjplotaxs *axis-veal info->axis + info- >axis-vert;

int xpoint, ypoint;

settextjustify(CENTERT EXTw,CENTER_TEXT;
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setoolor(7);

horz -(plottpe" NPS rvplot-rh ? y:x)
vait (plot_"pe= NPS rvplot hv ? y:z)

xpoint -(intX-(horz-axis-horz- >origin) * (double)xinid / axis-horz- > range) + xinid;
ypoint = (int)((vert-axis vefl- > origin) * (double)xniid / axis vert- > range) + yrnid;
if (xpoint > = 0 && xpoint < nps graphics info.xmax
&& ypoint > = 0 && ypoint < ups graphcs-info.ymax) putpixel(xpoint, ypoint, 7);

void nps rvplotpoint text(Npslot info *info, Vector *pos, char *text, mnt bright)

int xmid = npsjgraphics-info.xrnid;
int yanid = npsgraphics-info.ymid;

double x =po o ~* K3LOMTOKILOFT;
double y = pos- > *i 7ILOM_-TOKIXLOFT;
double z = pow > "' OMTOKILOFT
-4 Able horz, vert;

Nps~plot -axis *axis -hon = info-> axis + info-> axis -horz;
_psjlot- ais *axis vert =info->axis + info- >axis yert;

int xpoint, ypoint;

settextstyle(SMALLFONT, HORIZDIR, 2);
settextjustify(CENTERTEXT,CENTER TEXT;
setcolor(bright ? rvh-bar.value-.color :7);

hon = (plot type ==NPS rvplot rh ? y : x);
vert =(plot"tp NPS,_rvplot hv ? y:z)

xpoint = (int)(-(horz-axis _horz- > origin) * (double)xinid / axis-horz- > range) +i xinid;
ypoint -(int)((vert-axis -vert- > origin) * (double)xmid / axis vert- > range) +- yanid;
if (xpoint > = 0 && xpoint < npsj~raphics-info-xmax
&& ypoint > = 0 && ypoint < npsjjraphics-info.ymRnx)

outtextxy(xpoint, ypoint, text);

settextstyle(SMALL FONT, HORIZDIR, nps~graphics info~font-size);
setcolor(7);

zv-plot. C
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void nps rvplot mndv(Npsjplot nfo 0 'info, Vector *rndv-dv, double rndv-dist)

static char fmnt dvfj - '%7.3f KAt/s*;

int c-width - nps-&rahica info.c-width;

double dv;

char work[32];

ouftextxy(mdv. view. left - c-width * 3, mdv.view.top + rndv.lineljy, "RNDV");

nps~plot clear view(&mndv. view, NO);
seuextjustify(LEFTTEXT,CENTERTEXT);
setcolor(7);

mdv -dist "'= KJLOMTOK-IULOFT; fint -dv[9] = 0;
if (W~.mdv dist) < 1.0) { fmt dv[6] = '; dv-dist *'= 1000.0;)
else ( fun dv[6] = 'K;)
sprintfgwork, fint-dv, rndv -dist);
outtextxy(c~widthl2, mdv.linel~y, work);

dv = vector niagnitude(rndv dv) * K[LOM_-TOKILOFT; fint dv[9l T 1;
if (fabs(dv) < 1.0) ( fun~dv[6] = ;dv *= 1000.-0;)
else ( fmt dv[6] = 'K';)
sprintf(work, fmnt-dv, dv);
outtextxy(c~widthl2, rndv.line2_y, work);

nps~plot main viewO;

zrvplot. c



#lnclude < stdio.h >
#include <memii>

#include < edit.h >
#include <comjport.h>
#lnclude < packet.h >
#lnclude "sim.h'

static int port id, send_orbgp;

int gen~inito

ushort tx-size =512;

char *answer;

port_id = edit integer('Enter output port id" 1);
/* tx size = edit-integer(" Enter tx size "512); *

if (comport start(port id, 0, tx-size) ==NO)

printf(*Can't start port %d\n", port id);
port-id = 0;
return NO;

answer = edit -text("Send Orbiter-GPS packets too ? ", y');
send orb~gps = (answer[0J 'y' I I answer[O]==

return YES;

void gep stopO

if (port id) comyortatop(port~id);

gao._Coo. C
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static void stats vector scale(State vector *in, State vector *out, double scale, double dtime)

{ u-psx=i->o~ ae
out- >pos.x = in-> pos.x * scale;

out- >pos. z = in-> pos. z * scale;
out->vel.x = in-> vel.x * scale;
out- >vel.y = in- >vel.y *scale;
out- >vel.z - in-> vel.z * scale;
out- >time = in- >time + dtime;

*The packet has start sync eb 90, stop sync BE EF, and typeslIand2.

void geq save _sample(Sim sample "Sample)

struct

Orb~packet orb;
Spuspacket spas;
Orbgmpsjacket gps;

packet;

ubyte *where = (ubyte *')&packet;
usbort bytes = sizeof(packet);

memset(&packet, 0, sizeof(packet));

packet.orb.header.typ = PKT orbiter;
packet.orb.header. sync _staft[o] = Oxeb;
packet.orb.header. syncstart[l] = 0x90;
packet.orb.trafler. sync _stop[0] = Oxbe;
packet. orb.trailer. sync stop[l] - Oxef;,

state vector- scl sample- >orb-ins, &packet.orb.orbiter vector, KILOMTOFT. 86400.0);
state vector sae& mpe> orb targ, &packet.orb.target vector, KILOMTOFlr, 86400.0);
pscke~t.orb.orbiter~quat = sample->orb~quat;
packet.orb.orbiterquat.time + = 86400.0;

packet. spas.beader. type = PKT ýspas;
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packet. mpas. header. sync start(f 0= Oxeb;
packet.upas.header.synctart[1] - 0x90;
packct.spas.trafler.sync~stop[0] = Oxhe;
packet.sps. trailer. sync stop[ I1] = Oxef;

s~tatevecWor cale(&sample-> spas my, &packet.spus.spas ector, KILOMTOFT, 86400.0);
state vector scale(&sample-> =spa~ps, &packet.qpa.gps vector, KILOMTOFT. 86400.0);

if (send orb~jps)

packet.gps.header-type = PK~rjps;
packet.gps. header. sync _start[0] = Oxeb;
packet. gps. header. sync start(1]I = 0x90;
packet.gps. trailer. sync stop[O] = Oxbe;
packet.gps.trailer.sync~stop[l] = Oxef;,

state vector-scale(&samp le->orbjps~eccf, &packet.gps.gps_vector, 1000.0, 86400.0);

else bytes -= sizeof(Orb~gpsjacket);

while (bytes > 0)

if (comportjput(port-id, *where) =NO) continue;
bytes-; where+ +;
/* if (kbhito) break; *

ICMCO.
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#include <atdo.h>
Dinclude < mem.h >
Iinclude <ic~h>
#include < fcntl.h >

Dinclude <edit.h>
#lnclude <packet~h>
Dlnclude "sim.h'

static int port file, port status, send orb gps;

#define FILEISDEVICE OXOOSO
#define FILEISRAW 0x0020
#define FILE SET BITS OxO0ff

int SenuintO

char "'filename, *answer;

filename = edit text('Enter output port/file:", *corn 1 );

if ((port file = open(fllename, O-RDWR I 0 _BINARY 10 OCREAT, 0666)) < 0)

printf("Can't open port/file %s\n", filename);
return NO;

*If output file is a device, place that device in "raw" mode.

port status = ioctl(port file, 0, 0,0);

if (port status & FILE JSDEVICE)

port status = (port status & FILESET_BITS) I FILE IS !ýRAW;
ioctl(port_file, 1, port_status,0);

gcom-dev. a



answer - edit..text('Send Orbiter-OPS packets too ?, 'y");
nmdorb.sp - (anuwerO) 'y' I I answeO) ');

return YES;
}

void genstopO
{

* If output file is a device, place dat device back in "cooked" mode.
*/

if (port status & FILEIS DEVICE)
{

porLstatus &= -FILE IS RAW;
iocd(portfile, 1, port status,O);}

close(port file);
}

static void statevector scale(State_vector *in, State-vector *out, double scale, double dtime)
{

out->pos.x = in->pos.x * scale;
out->pos.y = in->pos.y * scale;
out->pos.z = in->pos.z * scale;
out->vel.x = in->vel.x * scale;
out->vel.y = in-> vel.y * scale;
out->vel.z = in->vel.z * scale;

out- > time = in-> time + dtime;

* The packet has start sync eb 90, stop sync BE EF, and types I and 2.

void gen_save _umple(Sim sample *sample)

street

Orbpacket orb;
Spas-packet spms;
Orb.jpspacket Wes;

} packet;
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uabyte *whoms - (ubyto )&pscket;
iubort bytes - smooffpscket);
int nos;

Ph

umenset&p~cket, 0, sizvoftpacket));

packet.orb.hoader.typ - P1(1' orbiter;
packet.orb.header. sync start[O] - Oiieb;
packet. orb.beader. sync startfl -] 07L90;
pecket.otb.trailer.sync~sftop[] - Oxbe;
packet.orb.trailer. sync~stopIlI = Oxef;,

state -vector-scaie(&aample->orb-ins, &pecket~orb-orbiter vector, KILOMTOFTr, 86400.0);
state_vector_scae(&Aaanple->orbtar, &pscket.orb.target vector, KCILOMTOFT. 86400.0);
packet.orb.orbiterqust = sample- >orbý_quat;
packet.orb.orbiterý.quatuime + = 86400.0;

packet.spasshAder. type = P1(1' spas;
pscket.spss.hesder. sync _start[0J - Oxeb;
packet.spas.hesder.sync~starttl] - 0x90;
packet.spss. trailer. sync stop[OJ - Oxbe;
pscket.spas. trailer. sync stopil] = Oxef;

state vectorcl(smpk mp &packet. spas. spass ector, KILOMTOPTFi, 86400.0);
state vector ucale(&saznle-> spssjgps, &packet. spas.gps vector, KILOMTO_6Fr, 86400.0);

if (send orbgps)

packct.gps.headr.typ - PIKTjs;
packet.gps.header.sync~startfOl - Oxeb,
packet.gps.header.sync~start[l] = 0x90;
pmcket.gps.trailer.sync~sKop(j - Oxhe;
packet. gps.tmailer. sync stop[l] - Oxef;

slae vector scae(&sample- >orb~jpeecef, &packet. gps.gps vector, 1000.0, 86400.0);

else bytes -- sizvof(OrbV9pspcket);

while (bytes > 0)

sent - -write(port-file, where, bytes);
if (snot < 0) break;
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if (mot > 0) (byte-- mt; where +- ms;)
* if (kbhito) break; ,

gcomdev.c
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Dinciude <stdo.h>

#include <edfit~h>

Ninclude "sim.h*

static FILE *outfile;

int geonintO

char 4 .filename;

filename = edit textf2'Enter output filename:", *sini.dat");

if ((outfile = fopen(filename, *wb*)) ==NULL)

printf("Can't open %s\n", filename);
return NO;

return YES;

void genkstopo

fcose(outfile);

void gen save .sample(Sim sample, *sample)

fwrite(sample, sizoof(Sim ~sample), 1, outfile);

gdisk. c
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Dinclude "sim~h

int sea initO { return YES;)

void gen stopo (

void gen save _samplcSWim smple %ample) (

gnone. c
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#Diclude <utdib.h>
#include < sdiobh>
Dinclude <conio.h>
Ninclude <bios~h>
linclude < time.h >

#include "sim.b"
#include <keys.h>
Dinclude <nps~if.h>

extern unsigned -stklen = 100U; I/arger stack

static int
main key handler(int key);

static void
keyyroces(void),
main -displayWnt(void),
main display status(void);

static int (*my key handler)(int) =main key handler;

static int terminate = NO;

void main(int argc, char **argv)

clrscro;
if (smm init(argc, argv) ==NO)

puts("sim-initO failed during inittm);

if (nps system inito - - NO)

puts("nps system _initO failed during init");
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return;
}

if (nps display initO = YES)
myjkeyhaAler - npsey_ hdl•er;

else main display initO;

*/

for (;;)
{

static Simrsample sample;
int rc;

"* Check for key hit, process the key, see if somebody wants to stop
"* the program.
*/

if (keyhitO)
{

key_processo;
if (terminate) break;}

"* Get next sample, call all data update routines. The _nextsample
"* routine must return one of these values:
* -1 Still trying to get a sample, call me again
* 0 Done, no more samples available (usually from disk sim)
* I Ok, got the sample
*/

if ((rc = simnextsample(&sample)) < 1) continue;

npsdataupdate(&sample.orbins, &sample.orb quat, &sample.orbtarg,
&sample.orb_.gps_mSO, &sample.orbgpsecf,
&sample.spas sv, &sample.spas..ps);

npssystemstopo;
sim_stopO;

}

/*===_-= --= ---- === = =====

static void key.processo

int rc, key - keygetO;

rc - (*my.keyhandler)(key);

npma'in. c
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if(rc m, 2)
{

mykey handler - main key handler;
main displayinitO;}

if (rc = = 0) simkey handier(key);

* Returns:
* 0 Didn't use the key
* I Used the key
* 2 Used the key, Mly subsystvm is done
* ---- -----------------

static int main_key_handler(int key)
{

if(key =='y' J key = 'Y') terminate = YES;
else if (npsdisplay initO -- " YES) myjkeyhandler = npskeyhandler;
return YES;

/* . . ... - - .. . . -== -

typedef struct { int col, row; char *text; } Label;

static void maindisplay inito
{

clrscrO;
gotoxy(10, 6);
cputs("Exit program (y/n)? );

}
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Ainclude <stddcf.b>

include <packet.h>
#include <pkt if.h>
#include "sim.h"
Ninclude "../nps/nps_m5O.h"

"* These structures are owned by the orb..ort_processo routine, and are in
"* the original units: orbiter vectors are M50 in ft and ft/s, spas vectors are
"* WGS84 in ft and ft/s.

"* The orbiter time is absolute, 001/00:00:01.000 = = 1.0 sec + 86400 secs (one
"* day). The spas time is also absolute.

extern Orb_.packet orbiter_packet;

extern Spas_packet spaspacket;

"* This structure is also owned by the orbyport_processO routine, and is only
"* used for testing. The vector is WGS84 in m and m/s. Its time is absolute.

extem Orbgpsjpacket orbitergpspacket;

int siminit(int argc, char **argv)
{

return (argc > I && argv[l] != NULL
? orbj.ortinit.byname(argv[l])

orbport~initO);

void simstopO { orbjportstopO;}

static void state_vector scale(State_vector *in, State-vector *out, double scale, double dtime)
{

out->pos.x = in->pos.x * scale;
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out- >pos-y = in- > po..y * scale;
out->pos.z = in->pos.Z * scale;
out->Vel.x =in->vel~x * scale;
out->vel.y - n->vel.y * scale;
out->vel.z - in->vel.z *scale;
out->time -in->time + dtime;

"* I try to fill in My packet buffer, piece by piece if necessary. I may not
"* get all the bytes I need in one read, so I must wait for them to arrive.

"* But I should not hold up other processing just because I can't get enough
"* bytes from my port. So I tell my caller that I'm not done yet, and that I
"* must be called again.

I return one of these values:
* -1 Still trying to get a sample, call me again
* I Ok, got the sample

int sim_ýnext~sample(Sim sample *'sample)

int type;
if ((type =orbj~ort~procesO) ==NO) return -1;

if (type =PKT-orbiter)

{ tt-otrsae&rie~we~ric-oto,&anl-obis TT-[O ,-60.)
state-vector scale(&orbiterjpacket.oargier_vector, &sample- >orb_insg, FTTO KILOM, -86400.0);

sample-> orb quat = orbiterypacket.orbiterýquat;
sample-> orbquat. time - 86400.0;

# ifdef NPSOPS
else if (type = = PKT spas)

state-vector scale(&spasjpacket.spas vector, &sample-> spas~sv, FTTOKILOM, -86400.0);
state-vector scale(&spasyacket.gps ývector, &sample-> spasj~ps, FT TO KILOM, -86400.0);

else /* type PKT~gps*

state-vector scale(&orbitergMpsjacket.gps~vector, &sample- >orbjgps~ecef, 0.001, 486400.0);
state-vector scale(&orbiterjpsacket.gps vector, &sample-.> orbjps~m5, 0.001, -8400O.0);
npswgs84_tom5O(&samle-> orbgps~m50, NPSM50 computed, YES);

# endif NPS-GPS
return YES;
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int sim key handler(int key) I return YES;)

int sim -edit displayWnto { return NO; )
int aim edit key handler(int key) { return YES;)

BCOM. c
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Einclude < slib.h >

#include <edit rt.h>
include < times.h >
#include <keys.h>

#lnclude <packet.h>
#include < pktif.h >
Ainclude "sim.h"
#include "../nps/nps-m5O.h"

"* These structures are owned by the orb_port_processO routine, and are in
"* the original units: orbiter vectors are MSO in ft and ft/s, spas vectors are
"* WGS84 in ft and ft/s.

"* The orbiter time is absolute, 001/00:00:01.000 = 1.0 sec + 86400 sees (one
"* day). The spas time is also absolute.

extern Orbpacket orbiter.packet;
extern Spas.packet spasypacket;

"* This structure is also owned by the orbjport_processO routine, and is only
"* used for testing. The vector is WGS84 in m and m/s. Its time is absolute.
* Note: this structure is also filled in by the tans_.portprocesso routine.

extern Orb_.gpsjacket orbitergpsacket;

static int simdelay-flag = 1, simdelayms = 1000, sim delay save = 1000;

typedef struct { int got, send; double time; } Packet-info;

static Packet-info orb, gps;

int sim init(int argc, char **argv)
{

*I
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argv+ +; argc-;

if (argc > 0)

if (orbjxorttbyname(4'arg+ +) - = NO) return NO;
upg-;

else if (orbport inito== NO) return NO;

# ifdef NPSGPS
if (argc > 0)

if (tans ~rtinitbyname(*argv + +) ==NO) return NO;
argc-;

else if (tansj~ort initO = = NO) return NO;
# endif NPS GPS

if (argc > 0) sim-delay~ms =sim-delay save =atoi(*argv);

return YES;

void sim-stop()

orb~j~ortstopo;
# ifdef NPS-GPS

tansj~ortstopo;
# endif NPS-GPS

static void state vector-scaie(State vector *in, State-vector *out, double scale, double dtime)

{ u-psx=i-psx*sae
out- >pos.x = in-> pos.x * scale;
out-> pos.y = in-> pos.y * scale;
out->vos.z = in->pos.z * scale;
out->vel.x = in->vel.x * scale;
out->vei.y = in->vel.y * scale;

out-> time = in-> time + dtime;
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static void aim copypacketgint type, Sim ýsample *sample)

if (type -PKT _orbiter)

{ tt-etrsac&rie~we~riervco,&s l-obis rT-9LM
state vector scale(&orbiterj~acket.orbite_vector, &sample- >orb_insg, FTTOKCILOM, 486400.0);

sample-> orbquat - orbiteryacket.orbiterquat;
sample-> orb~quat. time -= 86400.0;

# ifdef NPSGPS
else if (type ==PKT _spas)

state vector scale(&espasjpaket. spýasector, &sample-> spas_ iv, FT_-TOKILOM, -86400.0);
state-vector scale(&.spasjpcket.gps vector, &sample-> spasjgps, IFTTOKILOM, -86400.0);

else if (type ==PKTjgps)

staWVOteecor sCaie(&orbiter gpsjpacket.gps_vector, &sample-.> orb~gpsecef, 0.001, -86400.0);
state -vector scale(&orbiterjpspaket.gps_ vector, &sample- > orbpsmSO, 0.001, -86400.0);
nps~wgs84_toý_m5O(&sample-> orbgpsni50, NPS M50 ~computed, YES);

# endif NPSGPS

*I return one of these values:
* -1 Still trying to get a sample, call meagi
* I Ok, got the sample

mnt sim next sample(Sim -sample *sample)

if (aim ~delay ins)

if (aim-delay-flag - = 0) return -1;
sim delay flag = 0;

rt_timer _set(sim delay ma, &sim delay flag);
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if (orb.got -- NO)
I

of b.1po = orb~jport~jwoceaso;

# ifdief NPSGPS
if (orb.got - PKT orbiter)

orb.time -orbiter~packet.orbiter-vector.time;

else if (orb.got = PKT spas)
orb. time =spas~packet.gps vector, time;

# eadif NPS-GPS

# ifdef NPSUPS
if (gps.got ==NO)

gps.got = bnsp~ort..proessO;

if (gps.got == PKTjgps)
gps.tirne -orbiterjpajcket.gps vector. time;

# endif NPS UPS

orb.send = gps.send = NO;

# ifdef NPSGPS
if (orb.got && gps.got)

if (orb.time < gps.time) orb.send = YES;
else gps.send =YES;

else

ifPsgt psed=YS
if (gps.got) gps.send = YES;

# else
if (orb.got) orb.inend = YES;

# endif NPSGPS

if (orb.aend ==NO && gps.send ==NO) return -1;

if (orb.send)

aim,_copyjpacket(orb.got, sample);
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orb.got - NO;

# ifdef NPS GPS
if (pa.md)
{

simcopypecket4ps.got, sample);
ps.got = NO;

}
# endif NPS GPS

return YES;
}

* Returns:
* 0 Didn't use the key
* 1 Used the key
* 2 Used the key, My ubsystem is done

int sim keyhandler(int key)
{

if (key - - KEY aitw) simr deay_ms = 0;
else if (key -= KEY_alitt) sim delayns = simdelay save;
return YES;}

*-123456789 123456789 123456789 123456789 123456789 123456789
* I SIM Settings
*2
* 3 Realtime delay (ms): X
*4

5 5 ALT-W Warp mode (ignore delay)
*6 ALT-T Tuned mode (use delay)

static int tempdelay ms;

static void screenl_pre(Edit screen *screen)
[

temp delay_ms = sim delay save;I

static void screeml..pt(Edit_.creen *screen)
{

if (sim delay ms - simdelaysave) aima delay ma = temp delay us;
Sim delay sve = temp delay-ms;
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static Edit-labe labelsiD =

{1,20, "Sim Settings'),
{3, 4, "Realtime delay (s:)
S., 4, 6ALT-W Warp mode (ignore delay)'),

(6, 4, 'ALT-T Timed uwde (use delay)')

#define LAJBELlCOUNT (sizeofflabelsl)/uizeof(Edit label))

static Edit-field fieldslfl

{3,25, edit filedjget jut, edit-fleldjputint, edit field key nt, &temp delayus

#define FIELD I COUNT (sjzeof(fieldsl)/sizef(Edit field))

Edit screen screawl

LABELl_-COUNT, labels 1,
FIELDICOUNT, fieldsl,
NULL, NO, screenljpre, screenlj~ost

static Edit-screen *screens[]
I

&screenl

#define MAX-SCREENS (sizeof(screens)/sizeof(Edit-screen )

static int current-screen;

int sim -edit -display initO

edit-screen_init(screensfcurrent screen);
return YES;

int sim -edit -key bandler(int key)

jut rc - edit screen _key handler(screens[current screen], key);

if (rc >0) reurnrc;
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switch (key)

can KEY~pgup:
if (--curmet screen < 0) current screen= MAX-SCREENS - 1;
break;

case KEY~pgdn:
if (+ + current screen > = MAX-SCREENS) current-scren 0;
break;

defaut: return NO;

edit screen init(screensfcurrent scren)
return YES;
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#include <stdio.h>
DAnclude <io~b>
Dinclud. < fcntl.h>
Dinclude < coniobh>
finclude <mem.h>

#include <edithb>
Ninclude < packethb>
Ninclude wsim.h"

static int port file, port status;

#define FILEISDEVICE OX008O
#define FILE NOTEOF 0x0040
#define FILEISRAW 0x0020
#define PILESETBITS OxO0ff

static int check sync(ubyte *buffer, jot bytes, ubyte *sync);

jot Sim -inito

char 'filename;

filename = edit text("Enter input port/file:", "comi")

if ((port file = open(filename, O-RDONLY 10 BINARY)) < 0)

printf("Can't open port/file %s\n", filename);
return NO;

*If input file is a device, place that device in 'raw" mode.

port status = ioctl(port file, 0, 0,0);

if (port status & FILE IS DE VICE)

port _status - (port status & FILE SET BITS) IFILEIS_RAW I FILE NOTEOF;
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ioctl(port file, 1, porttatatu,O);

return YES;
}

void sim-stopO
{

* If input file is a device, place that device back in 'cooked" mode.
*/

if (port status & FILEISDEVICE)
{

port status &- - FILEIS RAW;
ioctl(port file, 1, port-status,O);}

close(portfile);
}

"* DOS sucks. DOS has a bug regarding devices in raw mode, this piece of code
"* fixes the error caused by the bug. The bug occurs under these conditions:
* - You are reading from a device in raw mode.
* - The memory you are reading into just happens to fall on a paragraph
* boundary (i.e. the address is divisible by 16).
* - The device driver doesn't have any bytes ready for you.

"* Under these conditions, DOS will erroneously mark your file with an EOF
"* flag, after which reado will always fail, even if the device has some bytes
"* ready. This kludge marks the file as not-EOF.

static void fix dos eof bug(void *location)
{

if (((ushort)location & 15) = 0 && portstatus & FILEISDEVICE)
{

port status - FILENOT EOF;
ioctl(port_file, 1, port_statusO);

)

* I try to fill in my packet buffer, piece by piece if necessary. I may not
* get all the bytes I need in one read, so I must wait for them to arrive.

scon old. c
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"* But I should not bold up other processing just because I can't get enough
"* bytes from my port. So I tell my caller that I'm not done yet, and that I

"* must be called again.

* I return one of these values:
* -I Still trying to get a sample, call me again
* 1 Ok, got the sample

int Sim next-sample(Sinmsample *sample)
{

static union
{

Packet-header header;
Orbpacket orb;
Spas_packet spas;
ubyte buffer[48];

}data;

enum mystates ( STATE findheader, STATEreadjacket);

static ubyte *where = data.buffer;
static int bytes = sizeof(Packetheader);
static int state = STATEfind-header;

static ubyte syncl[2] = {Oxeb,0x90), sync2[2] = {Oxbe,Oxef);

* Loop until I'm done or I can't read any bytes.
*/

for (;;)
{

int got;

"* Try to read as many bytes as I need to complete the buffer. If I
"* get any bytes at all, then bump the buffer pointer and drop the
"* bytes-remaining count. Return if I can't get enough on this pass.
*/

if (bytes)
{

if ((got = read(port_file, where, bytes)) <= 0)
{

fixdos_eofbug(where);
break;}

where + = got; bytes -= got;

if (bytes > 0) break;

}
scorn old.e



seem-old. c

"* If I'm in the _find header state, then check the leading sync and
"* type, and get the remaining packet size.
*I

if (state 9 - STATE find_header)
{

* The sync is there, figure out how many more bytes to read, and
* switch to the next state.
*/

if (((ushort *)data.header.syncstart)[O] = = ((ushort *)syncl)[0])
{

bytes = (data.header.type = - PKT orbiter
? sizeof(Orb packet)
: sizeof(Spasjpacket));

bytes - (where - data.buffer);
state = STATE read-packet;

"* Ile sync is not there, I'll search the byte buffer for sync and
"* try to recover a partial header.
"* The find_synco routine searches for sync and saves the bytes
"* that are valid, it returns the number of valid bytes.
*/

else
{

got = checksync(data.buffer, where - data.buffer, syncl);
where = data.buffer + got;
if (got)
{

bytes = sizeof(Packetheader) - got;
if (bytes < 0) bytes = 0;

}
else bytes = sizeof(Packet header);

}
continue;

* If I'm in the read.packet state, then I've got the entire packet.
* Check the trailing sync, extract the usefull data and return OK.
*/

else
{

Packet trailer *trailer;
int pkt_size;

* The trailing sync location depends on the packet type.

scom-old. c
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if (data.header-type =-PKT orbiter)

trailer = &data.orb. trailer;
pkt size = sizoof(Orb-packet);

else

trailer = &data. spas. trailer;
pkt size = sizoof(Spas-packet);

state = STATE find-header;

/* ------------------------------------------------
*The sync is there, extract data depending on the packet type.

if (((usbort *)trailer-.> sync-stop)[0] ==((ushort *)sync2)[0I)

static int first-time = YES;

if (data.beader.type = = PKT-orbiter)

sape>ispsx=dt.ob rie-etr o.x*I-OILM
samnple- >ins.pos.y = data.orb.orbiter-vector.pos.x * FT_TO_KILOM;
sample-> ins. pos.z = data. orb.orbiter-vector.pos.y z FT_TO_KILOM;

sample- >ins. vel. x = data.orb.orbiter -vector.vel.x *FTTOKILOM;

samnple- >ins.vel.y = data. orb. orbiter -vector.vel.y *FTTOKILOM;

sample->ins.vei.z = data.orb.orbiter -vector.vel.z *FTr_TO_KILOM;
sample- >ins. time = data. orb.orbiter-vector. time - 86400.0;

sample->quat = data.orb.orbiterquat;

if (first-time)

sarwple- >tans = sample-> ins;
sample->spas = sample->ins;
first-time = NO;

else

sample-> spas.pos.x = data. spas-spas vector.pos. x * FTTOK[LOM;
sample-> spas.pos.y = data. spas. spas _vector-pos.y * FI'-ToK ILOM;
sample- >spas.pos.z = data. spas. spas vector. pos.z Fr FTTOK ILOM;
sample- >spas.vel.x = data. spas. spasvyector.vel. x *FT TOKIGLOM;
sample- >spas.vel.y - data. spas. spasvyector.vel.y Fr FTTO_ IGLOM;
sample- >spas.vel.z = data. spas. spas vector. vel. z *FTTOKILOM;

sample- >spas. time - data.sps. spasvector. time - 8640-0.0;-
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if (firsttime)
{

sample- > tans - sample- > spas;
sample- > ins = sample- > spas;

sample-> quat. time = sample-> spas.time;
first-time. = NO;)

}
where - data.buffer;
bytes - sizeof(Packetheader);
return 1;

"* The sync is not there, I'll search the byte buffer for sync and
"* tiy to recover a partial packet.
*/

got = check sync(data.buffer, pkt_size, syncl);
if (got && got ! = pktsize)
{

where = data.buffer + got;
bytes = sizeof(Packet header) - got;
if (bytes < 0) bytes = 0;

}
else
{

where = data.buffer;
bytes = sizeof(Packet header);

return -1;
}

"* I search for sync and save the bytes that are valid, I return the number of
"* valid bytes. I assume sync is two bytes.

static int checksync(ubyte *buffer, int bytes, ubyte *sync)
{

ubyte *where;

for (where = buffer; bytes > 1; where++, bytes-)
{

if (((ushort *)where)[0] = ((usbort *)sync)[0])
{

memcpy(buffer, where, bytes);
return bytes;
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)

if (*where * f *sync)
{

*buffer = *where;

return bytes;

return 0;
}

---- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~= - -------------------------------- =-- -

int sim key handler(int key) ( return YES;)

int simr edit displayinitO (return NO;)
int simredit key_handler(int key) ( return YES;)

scomrold. c
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Iinclude <stdio.h>

Ilnclude <edit.h>
#include < idit-rt.h>
Ninclude <tinmeh>
#include < keys.h >
#include *sim.h"

-- - -= ---------

static FILE *infile;

static int sim-delay flag =1, sian-delay_ins 0;

int sian init(int argc, char **argv)

char *filenwre;

? orbport_init~byname(argv[1])
:orbjýportjinito);

filename = (argc > 1 && argv(1] != NULL
? filename = argv[lJ
:edit-text("Enter input filename:", "sim.dat"));

if ((infile= fopen(filename, "rb")) = NULL)

printf("Can't open %s\n", fikvme);
return NO;

return YES;

void simnstopo

fclose(infile);
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int sim -next sampleSim sample *sample)

if (sim -delay ms)

if (sim -delay flag - 0) return -I1;
aim-delay-flag = 0;
rtc-timerý_set(sim-delay_ins, &sim delay flag);

if (fread(sample, sizeof(Sim~sample),I, infile) 1= ) return NO;
return YES;

int sim key bandler(int key) { return YES;)

*-l23456789 123456789 123456789 123456789 123456789 123456789
*I SIM Settings
*2
*3 Realtime delay (ms): X

static Edit-label labelsl1]

{1,20, "SIM Settings*),
(3, 4, "Realtime delay (ma):")

#define LABEL 1_COUNT (sizeof(labelsl )/sizeof(Edit-label))

static Edit-field fieldsl1]

{3,25, edit-field_get_jot, edit-fieldjput_jot, edit-field_key int, &sim delay__ma

#define FIELDICOUNT (sizeof(fieldsl)/sizeof(Edit-field))

Edit screen sc.en I

LABELI_-COUNT, labelsi,
FIELDI_-COUNT, fieldsl,
NULL, NO, NULL, NULL

odiuk. c
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static Edit-screen *screens[]{
&screen1

#deflne MAX-SCREENS (sizeof(screens)/sizeof(Editscreen *))

static int current-screen;

=---------------

int sim edit displayinitO
{

editscreen_init(screens[currentscreen]);
return YES;

int sim -edit key_handler(int key)

int rc = editscreen key_handler(screens[current screen], key);

if (rc > O) return rc;

*/

switch (key)
{

case KEY_pgup:
if (-currentscreen < 0) currentscreen - MAXSCREENS - 1;
break;

case KEYpgdn:
if (+ +current-screen > = MAX-SCREENS) currentscreen = 0;
break;

default: return NO;

edit.screeninit(screens[current screen]);
return YES;
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#lnclude <utdio.h>

#Include < edithb>

Dinclude "sim.ho

static FILE "'infilel, *infile2;

int sim -init()

char *fienme, *filenaine2;

filenamnel =edit-text("Enter input filename:", *sim.dat*);
if ((infilel~fopen(filenamel, "rb")) == NULL)

printf("Can't open %s\n", filenamel);
return NO;

filename2 e dit_text("Enter input filename", "tans sa.dat");
if ((infile2 =fopen(filename~2, "r")) = NULL,)

printf(mCan't open %s\n", filename2);
return NO;

return YES;

void sim-stopO

Moeifie)
fclose(infilel);

"* WARNING:
"* I assume the ORB GPS and ORB-INS vectors are propagated more often than the
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*SPAS vector. I use the very first SPAS time as the base/starting time.

mnt aim-next .ample(Sim sample *Sample)

static double initial time;
static first-time - YES;

int cat;

if (fread(sample, sizeof(Sink sample), 1, infilel) ! = 1) return NO;

cat = fscanf(infile2,"%lf %if %if %if %if %if %if", &sample- >orbjgps_znSO. time,
&sample- >orbjps mSO.pos.x, &sample-> orb gps m50.pos.y, &-ampe-> orfrjpsm5O.pos.z,
&sample- > orb _gpsm5OM.vel.x, &sample- > orb~gpsm5O.vel.y, &sample- > orbgps_m50.vel.z);

if (cat < 7) return NO;

if (first -time)

fnirtia-timie = sample-> spas. time;
frttime = NO;

sample-> orb_gp. time + = initial-time;

return YES;

int sim _key handler(int key) { return YES;)

int aim edit displayintO { return NO; )

mat aim _edit key_handler(int key) ( return YES;)
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Ilnclude <stdio.h>

#include <edithb>

#include "sim.h*

static FILE *infileI, *infile2;

int aim -initO

char *filenamel, *filename2;

filenamel = edit-text(*Enter input filenamne:", "sim.dat*);
if ((infilel =fopen(filenamel, *rb")) ==NULL)

printf("Can't open %s\n", filenamel);
return NO;

filename2 = edit-text("Enter input filename:", "tans sa.dat");
if ((infiie2= fopen(filenaine2, "r")) ==NULL)

printf("Can't open %s\n", filename2);
return NO;

return YES;

void sim stopO

fcoeinie)
fclose(infilel);

"* WARNING:

"* I assume the ORBGPS and ORBINS vectors are propagated more often than the
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*SPAS vector. I use the ver~y first SPAS time as the base/starting time.

ant aim nexi uample(SiM sample %amPlc)

static double initial time;
static first-time - YES;

int cut:

if (fread(sample, sizoof(Sim-sample), 1, infilel) 1 ) return NO;

cnt =fscanf~inflle2,"%lf %if %if %If %if %If %if", &sample- >orbgps_m50.time,
&sample- > orb _gps m5O. pos.x, &Aample- >orbjgps m5O.pos.y, &sampie-.> orbjgps~m5O.pos.z,
&sample- >orb~gps~m5O.vel.x, &sample- > orb gps m50.vel.y, &sample- >orb~gps~m5O.vel.z);

if (cut < 7) return NO;

if (first-tim~e)

inta-time = sample-> spas. time;
first-time = NO;

sample-> orbgps.time +- initial-time;

return YES;

int sim keyhander(int key) j return YES;)

iut sim -edit displayinto ( return NO; )
int aim edit key_handler(int key) (return YES;)
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IAnclude < stdlib.h >
#include < stdio.h >
Iinclude < conio.h >
Dinclude < bios.h >
Einclude < time.h >

#inciude *sim.h*
#include <keys~h>
#include < nps~if.h >

extern unsigned -stklen 15000OU; I/arger stack

static int
mnain key handler(int key);

static void
key~process(void),
main display init(void),
main display status(void);

-----------------------------------------

static int (*my key_ handler)(int) =main key handler;

static int terminate = NO, suspended =YES;

void main(int argc, char *'argv)

long cnt;
int got stop time;
long start -time, stop time;
double run_time;

clrscrO;
if (sim -init(argc, argv) ==NO)

puts(*sim -inito faied during init");
return;
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if (nps system inito NO)

puts(*npeystemminitO failed during nit*);
return;}

if (gSeinito NO)
{

puts("gem_inito failed during init");
return;)

start time = biostime(O, 0);
got stop time = NO;

main-display_inito;

*/

for (cnt = 0; ; )
(

static Sim sample sample;
int rc;

"* Check for key hit, process the key, see if somebody wants to stop
"* the program.
*/

if (keyhito)(
key_processo;
if (terminate) break;)

if (suspended) continue;

"* Get next sample, call all data update routines. The _next_sample
"* routine must return one of these values:
* -1 Still trying to get a sample, call me again
* 0 Done, no more samples available (usually from disksim)
* I Ok, got the sample
*/

if ((rc = simnextsample(&sample)) < 1)
{

if (rc < 0) continue;
if (gotstoptime = = NO)

s
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xtop time - biostime(O, 0);
goitdop time = YES;

continue;

cnt+ +;
ups data update(&sample.orb ins, &smuple.orb~quat, &aamle.orbtarg,

&sample.orjps_mSO, &samplc.orbgps_ecef,
&sample. spas-sv, &sample.spasjps);

gen -save-sample(&s~ample);

*This chunk is, in effect, the main data updateO) routine.

if (my key handler = = main key handler)

gotoxy(l1, 20); cprintf("%71d", cut);

if (got stop time = = NO) stopjtme = biostime(0, 0);
run-time = (stop-time - start-time) / CLK-TCK;

gen-stopo;
ups system stopo;
Sim-stopo;

printf("\n\nDid %Id vectors in %If secs,\n", cut, run -time);
printf( That's %If vectors per sec\n*, (double)cnt / run-time);

static void keyyprocesso

int rc, key = key~geto;

rc = (*my key handler)(key);

if (rc == 2)

my key handler = main-key handler;
maind isplay-initO;

if (re 0)

if (key ==KEY-sits)

Sim1. C
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suspended = (suspended ? NO: YES);
main display-statusO;

else aim key_handler(key);

* Returns:
* 0 Didn't use the key
* I Used the key

* 2 Used the key, My subsystem is done

static int main_key_handler(in1 key)

switch (key)
{

case KEY esc:
terminate = YES;
return YES;

case KEY fl:
if (sim edit displayinito = = YES)

mykey handler = sim edit key_handler;
break;

case KEY f2:
sim-stopO;
npsdataflushO;
clrscro;
if (sim init(O, NULL) = = NO) terminate = YES;
main display init0;
break;

case KEY f3:
npsdata flushO;
break;

case KEY f6:
if (nps display inito == YES)

myjkeyhandler = npskeyhandler;
return YES;

}
return NO;

s in. C



a im. C

Tpedef struct { int col, row; char *text; ) Label;

static void maindisplay initO
{

static Label labesl =
{

(16,6, "Simulator Main Menu"),
( 6, 8, "ALT-S Start/Stop the sim (toggle)"),
( 6,10, "Fl Sire settings"),
(6,11, "F2 Restart Sim"),
(6,12, "F3 Clear prey Sim"),
( 6,13, "F4"),
( 6,14, "F5"),
( 6,15, "F6 NPS Plots"),
( 6,17, "ESC Fxit"),
( 2,20, "Cycte.-: "},
0A,0, NULL.

Label *label;

/*------------------------------------------------

*/

clrscrO;

for (label = labels; label->text ! NULL; label++)
4

gotoxy(label- > col, label-> row);
cputs(label- > text);

)
main display statusO;

static void maindisplay statusO
{

if (myjkeyhandler ! = main keyhandler) return;
gotoxy(2, 19);
cputs((suspended ? "(halted) " "(running)"));

a

aim. c



siaa.h

=*---------= =-m= = == === --*

#ifndef SIM
#define -SIM-

#include <orbmechl.h>
#include <vector.h>

"* This structure is passed from the simulator code to the main routine. This
"* is also the structure used in disk read/writes.

typedef struct
{

Statevector orbgps_mS0, orb gps_ecef, spas_gps, spas sv, orb_ins, orb_targ;
Quaternion orb_quat;

} Sim_sample;

extern int
simrinit(int argc, char **argv),
sim edit displayinit(void),
sim edit key handler(int),
simekey handler(int),
simnext_sample(Simsample *sample);

extern void
simestop(void);

/* ----- ...- ....-.-.......---------------------......--------------- *
exter int

gen_init(void);

extern void
gensave sample(Sim_sample *sample),
genstop(void);

#endif -SIM-

Sim. h
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#lnclude <stdioch>
#include <allochb>

#include <edit~h>
Dinclude *sim.b"

#define MAX-SAMPLES (Oxififf sizoof(Sitn sample) 1 )

typedef struct -mem buffer

struct -mem buffer *next;
imt count;
Sim-simple samples[MAX SAMPLES];

)Mem buffer;

static Mem -buffer *buffer-first, *buffer-current;
static Sim sample *sample-next;
static int sample cot;

mnt sim-inito

char *fllename;
FILE *infile;

int samples;

Mern buffer *buffer, *bufferjprv;

filename - edit text('Enter input filename:", "sim.dat*);

if ((infile- fopen(filename, "rb')) mmNULL)

printf("Can't open %s~n", filename);
return NO;

fseek(infile, OL, SEEK-END);
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samples -edit integer("How many samples should I load:%, samples);

if (samples < -0)

Hcose(infile);
return NO;

fseek~infllc, OL, SEEK_SEl);

for (bufferjurev - NULL;
samples > 0;
samples - MAX-SAMPLES, bufferjprev =buffer)

if ((uffer - mafloc(sizoof(Mem buffer))) -=NULL)

printf("Ran out of memory, %d samples remaining\n*, samples);
Hcose(infile);
return NO;

if (buffer _first --= NULL) buffer-first =buffer;

else bufferyprev- > next = buffer;

buffer-> next - NULL;
buffer-> count - fread(buffer-> samples, sizeof(Sim sample), MAXSAMPLES, infile);

if (buffer-> count < = 0) samples = 0;

buffer -current - buffer-first;
sample -cnt = buffer current- >count;
sample-next -buffer-current-> samples;

fclose(infiie);
return YES;

void sim_.stopo
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int Sim -next-suamle(Sim _sample *Sample)

if (buffer-current -NULL) return NO;

*sample - *Samplc next+ +;

if (-sample cnt < = 0)

buffer-current - buffer current- >next;
if (buffer current !- NULL)

sample-cnt = buffer-current- > count;
sample-next -buffer current- > samples;

return YES;

int sim-key handler(int key) { return YES;

int sim edit displayWntO { return NO; )

int sim edit key bandler(int key) freturn YES;)

Wam. *
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Anclude < stdiobh>
Dinclude < stdlib.h >
DAnclude < math.h >

lAnclude <edit ri~b>
#include <keyshb>
Uinclude < times~h>
Uinclude "sim.b'
lAnclude "../nps/npsm50.h"

static State -vector tans, spas, orb ins, noisy spas, noisy tans, hold-tans;
static Quaternion orb quat;

static doubie tans delta z, tans step;
static double spas delta t, spas step;
static double orb -ins -delta t, orb-ins-step;
static Vector r vanance, v-vanance;

static Perturbations far tansP. far orbP, far spas_P;

static double impulse =2.0*0.00003048, time to mdv. dv2_time;
static Vector delta v2;
static int mndv_in~progress, spas _noise, tans-noise, tans-running - YES;

static int sim delay fl&q - 1, sim delay~m - 0;

static void
thrust(State _vector *, State vector *, Vector *, Vector *, Perturbations*)
rdvz delta v(State vector *,Staec-vector *', double, Vector *, Vector *, Perturbations )
getquat(void);

"faic imt
testquat(Vactor *, Vector ,Vector i)

Odefine julian date 2000 2451434.0

int sim -init(intargc, char *"arg)
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tans.tiine ((((210 *24) + 2) *60.0) + 15) * 60.0 + 0.0;

tans.pos.x -6600.0; tans.pos.y - 0.0; tans.pos-z - 0.0;

uan.vei.x -0.0;

lans.vel.y -sqrt(3.9860064e+5/vector~m&aitude(&tans.pos))+O.0;

tains.vel.z -0.0;

tans-delta-t - 10.0; tans-step - 10; /4 step size (usc) 4

time to mdv - tans delta t4(doubleX(int)(4020.0/taas-delta t));

spas.time =tans.timie;

"ss.pos.x =6600.0; spas-pos-y = 0.0; spas.pos-z = 0.0;

spas.vel.x =0.0;

spas.vel .y =sqrt(3.9860064e+ 5/vectormagnitude(&spas.pos));
spas.vel.z =0.0;

spas-delta t =45.0; spas-step = 10;

orb ins.time =tans.time;

orb ins.pos.x - 6600.0; orb ins-pos.y - 0.0; orb ins.pos.z = 0.0;

orb-ins.vel.x -0.0;
orb ins.vel.y - sqrt(3.9860064e+5/vectormuagnitude(&tans.pos))+0.0;
orb ins.vel.z = 0.0;

orb ins delta t - 10.0; orb ins step = 10; /4 step size (sec) 4

tans -P.Drag.mode = ON;
orb P.Drag.mode - OFF;
spas-P.Drag.iode - ON;

tans -P.Drag.solar flux -
orb P. Dragsolar flux -
spas P.Drag.solar _flux = 185.9593403793603;

tans -P. Drag. mean sof '-flux -
orb P. Drag. eawn-solar flux -
spasP.Dmag.mean solar-flux - 178.6447698684861;

xPzrop. -C



Uans P. Drag.geomapetic index _ap-
orb P. Dra&.geomagnetic ndex,_ap-
upasP.Drag. eomagnetic~index~ap - 19.87811961456716;

gans P.Drq.ballistic number w 64.0;
orb P.Drag.baliistic number - 64.0;
sapesP.Drag.baliuutic number - 64.0;

tans -P.Gravity.number -zonal - 6;
orb P.Grnvity.number zonal - 4;
inpa;sP.Gravity.numberzomal - 6;

tans -P.Gravity.number -tesseral - 6;
orb P.Gravity.number tesseral - 4;
spas_P.Gravity.number-tesseral = 6;

instantiate gotpot( 1, &tans-P);
instantiate gotpot( 1, &orb-P);
instantiatejotpot( 1, &spasP);

if (bsprop-initO= NO) reur NO;

getquato;

return YES;

void sim-stopo

int sim _next sample(Sim sample *sample)

Sttec-vector temp wVS84, tempj2OOO;

if (aim delay ms)

if (aim~delay-fla -- 0) reurn -1;
sim~dclay~flag - 0;

rctmeraeCt(simqdeJayjna, &sim delay flag);
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if (rndv~inprotres && tans.time > -dv2 time)

tans.vel.x -- delta -v2.x;
tans.vel~y -mdelta v2.y;
tan.vel.z -- delta v2.z;
orb ins-vel.x -- dlta v2.x;

orbjnsvel~y delta-v2.y;
orb -ins~cl~z delta v2.z;

mndv injwogress N O;

"* Note that the tans.pos and tans.vel vectors ame used for input AND for
"* output, this is ok with the current version of bgpropo.

bgprop(tans. time, &tans.pos, &tans-vel, &tans P~tans delta t,tans step, &tans.pos,&tans.vel);
tans.time +=- tans delta t;

if (spas.time + spas delta t < = tans.time + tans-delta-1)

bgprop(spas-time, &spas.pos,&spas-vel, &spas_P,spas_delta-t,spasstep, &spas. pos,&spas. vel);
spas time + = spa_delta-t;

bgprop(orbins. time, &orb ins.pos, &orbins.vei,
&orb -P,orb -ins -delta t,orb ins _step, &orb ins.pos,&orb-ins.vel);

orb inS.time += orb ans delta-t;

if (tans _noise)

r-variance.x -pow((double)(random(1000D)-50)/500.0, 3.0) * .2;
r-variance.y - pow((doubleXrandom(l000)-500)/500.0, 3.0) * .2;
r-variance.z - pow((doubleXrandom(1000)-500)/500.0, 3.0) *.2;

v-vaiant~x- pow((double)random(1000)-500)/5W00., 3.0) * .001;
vvarac~ - pow((doubleXrandom(1000)-500O)/500.0, 3.0) * .001;

v-vaimmz -pow((doubleXrnmdom(1000)-500)/50D0., 3.0) * .001;

noisy tans.pos.x - r -vaniance.x + tan.pos.x;
noisy tans.pos.y - rvxnance.y + tans.pos.y;
noisy tans.po..z - r var ance. z + tan.pos.z;
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noisy zans-vOI-x - V vauiano.x + tans.vel~x;
noisy tan.vel.y - v-vananct.y + tans.veL~y;
noisy tans.vel.z - v variance.z + tmn.veI.z;

eshe

noisy-tans-pos - tans-pos;
noisy-tans.ve1 - tons.vol;

noisyjans.time, - tans.tizne;

if (tasns unnng - - YES) hold-tans -noisy tans;

if (spas-noise)

rI ainex-pw(obe(ndm10)S)5.,30 2
rvaniance.x - pow((double)(random(i O00)-S00)/500.0, 3.0) * .2;
r-variance.y - pow((doubieXrandom( I000)-500)IS0.0, 3.0) * .2;
r vaniance.z - pow((double)(random(1000)-S00)/S00.0, 3.0) *.20;
v_variance.x pow((double)(random(l000)-500)/S00.0, 3.0) *.00 1;

v-vriace~ -pow((double)(random(1000)-500)/500.0, 3.0) *.001;

noisy spas.pos.x -r-variance.x + spas.pos. x;
noisy spas-pos-y -rývanancc.y + spas.pos-y;
noisy spas.pos.z - r-variance.z + spas-pos.a.,
noisy spas.vel.x = v variance.x + spas.vel.x;
noisy spas.vel.y - v~variance-y + spas.vel-y;
noisy spa.vel.z - v-variance.z + spas-vel.z;

else
I

noisy spas-pos - spas-pos;
noisy spas.vel - spas.vel;

noisy-spas time - spas time;

getquato;

sample-> orbýtarg - spas;
.ample->orb-ins -orb-ins;
sample-> orb~quat - orb _quat;

# ifdef NPS-GPS
9emp wgs84 -noisy~spas;
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nps .50 to wps4&temp. wg84, NPS -MSO compute, NO);
sample-> spess - temp wgs84;

tempj2OMX - noisy spas;
npsm50toj2000(&tMpJ2=0);
sample-> spas iv - tempj2000;

sample-> orbps-m5O - bold tans;
temp_ wgsS4 - hold-tans;
nps .50 to wgs84&teniP wgss84, NPS-M50-computed, YES);
sample- >orbgps eef - temp wgs84;

# endif NPS UPS

return YES;

int sim -key handler(int key)

IIstatic char work[32J;

Vector deltav Ivib, deltav -M50, delta vi;
int new mdv flag = NO;

switch (key)

case KEY alt f 1:
orb-ins =tans; I/orb ins update
break;-

case KEY alt f2: I/TANS running toggle
tans -running = (tans-running ? NO: YES);
break;

case KEY alt- f3 ITANS noise toggle
tans-noise = (tans noise ? NO: YES);
break;

case KEY alt-f4: ISPAS noise toggle
spasnoise - (spas noise ? NO: YES);
break;

case KEY alt- fS Ipositive Yv
deltav-lvlh.x - impulse; deltav Ivlh.y - 0.0; deltav lvlb.z =0.0;

thrust(&apas, Mtans, &deltav -Ivih, &deltav M50, &spasP);
tans. vel. x + = deltav-M30. X;
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tan.vel.y + - deltav -MS0.y;
taas.vel.z + - deltav M50.z;
orb ins.vol.x + - deftav-MS0.X;
orb ins.vel.y + - deltav-M50.y;
orb ins.vel~z + - deltav-M50.z

casw KEY_&altf6: I/negative 'V
deltav lvlh~x - -impulse; deltav-lvlh.y - 0.0; deltavjlvlh.z -0.0;

wbnst(&Vaus, &Smns, &deltav ivib, &deltav M50, &spwsP);
tans.vel.x +-deltav-M50.x;
umn.vel.y +-deltav-M50.y;
umn.vel.z +-deltav M50.z;
orb ins.vel.x + - deltav M50.x;
orb ins.vel.y +-deltav-MS0.y;
orb ins.vel.z +deltav-MSO.z;

break;

case KEY-all M7 I/positive 'r'
deltav lvlh~x - 0.0; deltav Ivlh.y - 0.0; deltavjlvlh.z -impulse;
ftrust(&spas, &tans, &deltav lviii, &.deltavM50, &spasP);
tans.vel.x + - deltav-M5O.x;
tans.vel.y +=- deltav-M50.y;
tans.vel.z +- deltav M50.z;
orb ins.vel.x +-deltav-M50.x;
orb _ins.vel~y +=deltav -M50.y;
orb ins.vel.z + = deltav-M50.z;
break;

case KEYalt ffi: I/negative 'r,
deltav lvhh~x =0.0; deltav_lvhh.y = 0.0; deltav-lvlh.z -- impulse;
thrust(&spas, &tans, &deltav lviii, &dehtav M50, &spasP);
tan.vel.x +- deliav-M50.x;
tans.vel.y += deltav-M50.y;
tans.vel.z + - deltav MSO.Z;
orb ins.vel.x +=deltav-M5O.x;
orb ins.veL~y deltav M50.y;
orb ins.vel.z + detav-MS0.z;
beak;

case KEY alt f9: Ilicrease 'delta V'
impulse +7. 0.00003048;
// uetcolor(0);
HI outtextxy(80,80, work);
II printf(work,- %6.2f", impulse/0.0003O48);
IIsetcolor(7);

/H outtextxy(S0,SO, work);
break;

case KEY alt flO: //decrease 'delta V'
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impulse -- 0.00003048;
IISetcolor(0);

IIouftextxy(S0,8O, work);
IIsprintf(work.-%6.2f-, impulse/0.0003048);
IIsetcolor(7);
IIouttextxy(SOS0, work);

break;

case KEY alt r: I/secret stuff
rdvz delta v(&spas, Mtans, time to ndv. &.delta vi, &delta_-. 2, &spasP);
tans.vel.x + delta vl.x;
tans.vel.y + delta -vl.y;
tans.vel.z +delta-vl.z;

orb ins.vel.x +- delta vl.x;
orb ma.vy + := delta vl.y;

orbins ve. z+ -deltav l. Z;
dv2 time - tans~time + time-to-rmdv;
new_mdv flag = YEU;
break;

default:
new mndv flag = rudv-inyrogress;
break;

rmdv in~prognus = new mndv flag;
return YES;

"* T'hese are helper routines for the edit screens below. These routines help
"* by copying one just-set variable to others that must be the same value.

staoic int drag fleldsjput(cbar *work, void *data)

edit fleld~put dbl(work, data);

if (data --= &ofb P.Drag.solar ýflux)
tans P.Drag.solar flux =

spasP.Drag.solar flux - orb P. Drag. solar-flux;
else if (data -- &orb P. Drag. mean solar flux)

tansP.Drag.mean solar flux =;

spas P.Drag.mean solar flux = orb P. Drag.mean solar flux;
else

tansP.Drag.geomagnetic indexapin
sps..rgVmptcidxa orbP.Drag. geoznapeticjindex.ap;

return YES;

sprop. C



uprop. C

static int init_cosdspjt(char *work, void data)

edit field.put dbl(work, data);
if (data - - &tans.pos.x)

qpa.pos.x - orb ins.pos.x - ans.pos.x;
else if (data - - &*,an.pos.y)

"spas.pos.y - orbkis.pos.y - tas.pos.y;
else if (data -- &tana.pos.z)

sp.pos.z orb ins.pos.z - tam.pos.z;
else if (data - - &ans.vel.x)

spas.vel.x - orb-ins.vel.x - tans.vel.x;
else if (data -m &tans vel.y)

spas.vel.y - orbkins.vel.y - tans.vel.y;
else

spas.vel.z = orb ins.vel.z - tans.vel.z;
return YES;

static mtnin t _timeput(char *work, void *data)
{

edit field_put .dhmsl (work, data);
spas.time = orbins.time = tans.time;
return YES;}

static int orb-ballistic_put(char *work, void *data)
{

edit fieldput dbl(work, data);
tans P.Drag.ballisticnumber - orb P. Drag.ballisticnumber;
return YES;

*-- 123456789 123456789 123456789 123456789 123456789 123456789
• I SIM Propagation Perturbations
*2

•3 Orb TANS SPAS Sim Keys:
•4 Y Y Y Drag mode on Ah-Fl Orb-INS TANS

5 XX XX Ballistic number Alt-F2 TANS on/off
•6 X X X Zonal Harmonic Alt-F3 TANS noise on/off
•7 X X X Tesseral Harmonic AIt-F4 SPAS noise on/off
•8 Y Y Noise mode on Alt-F5 Thrust +V
•9 Alt-F6 Thrust -V
*10 Drag Info Alt-F7 Thrust +R
*11 Solar Flux: X Alt-F8 Thrust -R
"*12 Mean Solar Flux: X Alt-F9 Inc delta-v
*13 Geomagnetic Activity Index: X Alt-Fi0 Dec delta-v
*14 Alt-R Rendezvous
"*15
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*16 SIM Initial Conditons
"*17 Position (kn) Velocity (km/s)
"*18 x: X vx: X
"*19 y: X vy: X
*20 z: X vz: X
"21
*22 Time (ddd/hh:mm:us): DDD/HH:MM:SS
*23
*24 Realtime delay (ms): X

static Edit-label labeisl] -

(1,20, "SIM Propagation Perturbations"),
(3, 3, "Orb TANS SPAS"),
(4,24, "Drag mode on"),
(5,24, "Ballistic number'),
(6,24, "Zonal harmonic"),
{ 7,24, "Tesseml harmonic*),
{8,24, "Noise mode on"),
(10, 4, "Drag Information"),
V 1, 6, "Solar Flux:"),
(12, 6, "Mean Solar Flux:"),
(13, 6, "Geomagnetic Activity Index:"),
(3,47, "Sim Keys:}),
(4,49, "Alt-Fl Orb-INS - TANS'),
(5,49, "Alt-F2 TANS on/off"),
(6,49, "AIt-F3 TANS noise on/off"),
(7,49, "Alt-F4 SPAS noise on/off"),
(8,49, "Alt-F5 Thrust +V"),
(9,49, "Ait-F6 Thrust -V"),
010,49, "Alt-F7 Thrust +R"),
(11,49, "Alt-Fl Thrust -R"),
(12,49, "Alt-F9 Inc delta-v"),
(13,49, "Alt-FIO Dec delta-v}),
(14,49, "AIt-R Rendezvous"),
(16,20, "SIM Initial Conditions"),
(17, 4, "Position (kin) Velocity (km/s)"),
(18, 6, "x:"),
(18,37, "vx:}),
(19, 6, "y:}),
(19,37, "vy:'),
(20, 6, "z:*i,
(20,37, "vz:'),
(22, 4, "Time (ddd/hh:mm:ss):}),
(24, 4, "Realtime delay (ms):")

#define LABELICOUNT (sizeof(labelsl)/sizeof(Edit.label))

static Edit-field fieldslO
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( 4, 5, edit fieldjet~yemno, edit-field~putjmeo, edit field key~yesno, &orb P.Drag.mode)
( 4,12, edit -fieldjetjesno, edit fieldyputjyemno, edit field key~yesno, &taas P.Drag. mode )
( 4,19, edit field get~yesno, edit field~putj'mso, edit field key~yeano, &spasP. Drag. mode )
( 5, 8, edit-field~jetdbl, orb ballisticput, edit field key dibl, &ovb P.Drag.ballistic-number )
(5,18, edit fieldgept bl, edit-fieldyut dbl, edit-field keydbl, &spasP.Drag.ballistic-number )
(6, 5, edit fleldge_.t.i edit fieldjmut mt, edit field keyjnt, &orb-P.Gravity.number-zonal )
(6,12, edit fleldgSet int, edit fieldjput mt. edit field keyin:, &tans-P.Gravity.nurnber-zonal )
(6,19, edit -fiIedjet tat, edit -field~put mnt, edit-field key mnt, &,spasP.Gravity.number-zonal )
(7, 5, edit fleld~get mnt, edit fieldjput mnt, edit fieldkey mnt, &orb-P.Gfavity.number-tesserai)
(7,12, edit-fieldjet int, edit fieldjmt rat, edit field keyWt, &tans-P.Gravity.numberzessral )
(7,19, edit feled~get it, edit field~put tat, edit field key mWt, &spasP.Gravity.number-tesseral )
(8,12, edit fieldjet~yesno, edit fieldjputjyesno, edit field-key-jesno, &tans-noise)
(8, 19, edit -field~get~yesno, edit -fieldjmutjyeso, edit field keyj'esno, &spasnoise,

(11,1IS, edit fieldget dbl. drag fieldsjmtt, edit -field -key~dbl, &orb P. Drag. solar-flux)
(12,23, edit field get dbl, drag fieldsyput, edit-field~key~dbl, &.orb P.Drag.mean solar flux )
(13,34, edit feledjSetdbl, dmS~fields~yut, edit field-key-dbl, &obPDa.enptcidxa

(18, 9, edit feledjSet dbl, initcondsyput, edit-field_key dbl, &tans.pos.x,
(18,41, edit -fleldjget dbl, init-condsjput, edit field-key-dbl, &*ans.vel.x)
(19, 9, edit fleldjet dbl, init -conds-put, edit-field-key-dbl, &tans.pos.y)
(19,41, edit field get dbl, initcondsjput, edit field_key_dbl, &tans.vel.y )
(20, 9, edit-field get dbl, init-condsjput, edit field key_dbl, &tans.pos.z,
(20,41, edit filedjget dbl, init-condsjrnt, edit-field_key_dbl, &tans.vel.z)
(22,25, edit -field get dhmsl, init timejput, edit field key dhms, &tans.time )

(2425 edt ledje m. ditfildut mnt, edit fiet' keyimt, &sim-delayms )

#define FIELD I COUNT (sizeof(fieldsl )/sizeof(Edit field))

Edit screen screen I

IABEL I -COUNT, labels 1,
FIELD I COUNT, fieldsl,
NULL, NO, NULL, NULL

static Edit-screen *'screens[]

#define MAX-SCREENS (sizeof(screen)/sizeof(Edit screen )

static int current scree;

imt sim edit display initO
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edit -screen init(scremns[current scren]);
rMumn YESF;

int aim -edit -key handler(int key)

mnt rc - edit across key-haadlcr(screafcturmt acrel.. key);

if (rc >O) returnyrc;

switch (key)

case KEYypgup:
if (--current-screen < 0) current-screen - MAX-SCREENS - 1;
break;

case KEY~pgdn:
if (+ + current-screen > m MAX-SCREENS) current screen m0;

break;

default: return NO;

edit -screweniut(screens~current screen]);
return YS

"* TIds fuinction is designed to turn thrust commands in an LVC (local LVLJI)
"* coordinate freme into M50 commanded delta v's to be applied before the
" next step in the driver.

void thrust(State vector *target, State vector *chaser,
Vector *deltav Ivib, Vector *deltavM50, perturbations *P)

double ningpos, magxv, magvber, dt, gcl[3][3];
double step -5.0;
Vector mbhat, vb, posoq, vel~o, xtxvt;

if (chaser- > timie > - target- > time)
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paso0 - chaser-> pos;
vel-o - chaser-> vet;

else

dt - target- >tism - chaser- >time;
bgPropchmer- > time, &chae- > pos, &mase- > vel, P, dt, OWe, Apos a, &vcl~o);

inawos -vector inagntude&pos o);

gcl[OJ[2] -pos o-x / magpos;
Sc~ll][2] -- pos o.y / magpos;
gcl[21[2] -pos o-z / niagos;

vector croas(pos-9, &vel o, &xtxvt);
magxxv =vector magnitude(&xtxvt);

gcI[O][l] mnhhat.x - -(xtxvt.x / rnagxxv);
gcl[lJ[l] - abat-y - -(xtxvt.y / inagxxv);
gcl[21[]( mhhat.z - -(xtxvt.z / magxxv);

vector cross(&pos a, &mhhat. &vb);

nuagbar - vector _magnitude(&vb);

gct[OJ[O] - vb.x / inagvbar;
gct[1J(O] - vb.y / magvbar;
gcl[2J[O] - vb.z / magvbar;

vetor-transform(deltav-lvlh,deltav-MSO,gcl);

"* This is the "bad" function. The inputs are the target state vector, the
"* chase sotat vector, and the time alioted for the rendezvous (fir

"dthis must be in even increments of the propogation to allow for input of
" the second delta v). The output isthe delta v's (in MSO) to beinput at
"* the next step, and at the end of fir for the chaser to effect a rendezvous
"* with the target.

void rdvz delta v(State-vector ftarget, State vector *'chaser,
double ttr, Vector *dvlMSO, Vector *dv2_MSO,
Perturbations *P)
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static double mu - 398600.64;

double step - 15.0;

double nmaos , nmgveL t, magxxv, magvbar, lcg[3J[3], gcl[3][3];
double dt, delta,
Vector xtxvt, bMat, vb, ydot, so, dvI M50-1;
Vector pos dif, dvi Ivib, dv2 Ivlh, omega, Wxerten;
Vector pos.t, volt, pasoP, wOLO, pos~tow, vel-tfew;
double T,w;
iat ij;

"* first match the time tags by propagating target to chaser regardless of
"* Which is more recent. This is artificial due to the restriction of
"~ applying delta v's only at integrator (aim) time steps for chaser.

dt - chaser- > time - target- > time;
if(fabs(dt) > 1.0.4S)

bgprop(target- >time, &target- >pos, &taget- >vel, P, dt,
step, &pos t, &vel-t);

else

post = taret-> pos;
vel-t - target-> vel;

posoq - chaser-> pos;

vel-o - chaser- > vel;

nmuposi - vector _magntude&posP
magveLt - vector magnitude(&vel t);
T - 2?PI*sqrt(mu*mu/(pow(2*mulmagpos - magvel~t'magveLt,3)));
w - 2*PI/T;

Icg(IJ[OJ - po" .x / uagosj;
Icg[IJ[1J - pa. t;.y I mgpot;
lcg[IJ[2J - poet.z I uuput;;

vector crOu(&po. t,&VOU, &xtxv);.
magxv - vector Umagntude&xtxvt);
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icg[2J(OJ - hhatax m xtxvt.x / inagxv;
ics[2X11 - bhat-y - xtxvt.y / inmxv;
iq(2[2J12 - bhat-z - xtxvt.z / magxxv;

vddtorcross&PaS 2, Abbat &vb);

&AUive - vectr _magnitUde&vb);

ICifOXO)3 - vb-x / nugvbsr; pos~dif.x - pos_ o.x - posJt.x;
Icg[0J[i] - vb.y / magvbar; pos dif~y M poe o.Y - poejty;
icuIOJ[2J - vb.z / magvbar; pos~dif.z - pos o.z - post.z;

vector transform(&pos dif, &To, lcg);

rdot-x - ro.x~sw(w*ttr) + ro.y*(6*w*ttrhisin(w*ttr)-I4*(i - cog(w*ttr)));
delta - 3*w4'ttsiu(w*ttr) - 8*(I - cos(w*ttr));
rdot.x - rdot.x/delta;
rdot.y - ro.x +(4*rdot.x-6*ro.y)*sin(w*ttr)+ (6*ro.y-3*rdot.x)*wittr;
fdot.y -rdot.yI(-2)I( I cos(w*ttr));,
rdot.x - rdot.x%';
fdot.y - rdot.y~w;

rdot. z - -ro.z~w/tan(w~ttr);

omegax = 0.0;
omega-y - 0.0;
omfega.z = W

vector crOWs&Omega, &ro, &Wxr -term);

dvI ivihix - rdot.x + wxr term.x;
dvl-lvih.y - rdot.y + wxr~term.y;
dvi ivih.z - rdot.z + wxr-term.z;

for(j -0; j <3; j ++)

for(t10- i<3; i++)

ECIPiJDJ - Icaul[i];

vector trnaform(&dvl Ivib. Advi MSOlI, gci);
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dvi MS0->x = vel t.x + dvi MSO i.x - vol o.x;
dvi MSO->y - veijty + dvi MSO1. y - veLo.y;
dvi MS0->z - vel txz + dvi MSO 1.z -vei o.z;

dv2-lvlh.x - (2*rdot.y*sin(wttr)+ (4*rdot.x-6*w'ro.y)*cos(w*ttr)+
6*w~ro.Y.3irdot.x);

dv2 lvih.y - ((3*w~ro.y - 2*rdot.x)*sin(w~'tt) + rdot.y*cos(w*ttr));
Jv27lvlb.z - rdot.z~cos(w*ttr) - ro.z%%~in(w~ttr);

*next we have to propogate the target again to a time ttr plus where we
*we are right now (a second propagation)

bgprop(cbaser- > time, &post, &vel t, P, ttr, step, &pos tnew, &vel-tnew);

magpos~t -vector _magnitude(&pos tnew);

gcl[O][i] pos tuew-x Imagpos.t;
gcliJi] -I pos tnew-y/ magpos-t;
gcl[2][I] pos tnew.z /magpost;

vector cross(&pos tnew, &vel tnew. &xtxvt);
rmgxxv -vector _magnitude(&xtxvt);

gcI[OJ(2] hat.x - xtxvt.x / magxxv;
gcl[1][2] hiiat.y - xtxvt.y / magxxv;
gcl[2]12] -hhat.z - xtxvt.z / magxxv;

vector cross(&pos tnew, &hbat, &vb);

magbar - vector niagntude(&vb);

gcI[OJ(OJ - vb.x / nsagvbar;
gci[1J[GJ - vb.y / umgbar;
gci[2J[OJ - vb.z / mnagvbar;

vectortzuasorm(&dv2-lvih,dv2-M5O,gcl);

)C



*prop -C

"* gstquat(*bqUat, *orbiter). .. .produces a quatemnian for the attitude of the
"* orbiter uQbin based on its position and velocity. This is by so means
"* an implication that this propogates the orbiter attitude. TI~s is however
"*a way of creating a time varying quaternian based on a desired attitude.
"* this function is currently designed to produce a gravity gradient position
"* with the payload bay facing aft, as if preparing to rendezvous.

void getquat(void)

Vector pos.0, veLo, bi, b2, W3, rxv, blxb2;
double A, B, C, magpo., magrxv, magblxb2;
imt good quat, i;

poso9 - tans'pos;
vel-o - tans.vel;

magpos - vector magnIrude(&pos 0);
bl.x - posop.x/uiagpos;
bi .y - poso.ylznagpos;
bI.z - pos~o.z/nagpos;

vector-cross(&PoS-O,&vel-o,&rxV);
magrxv - vector _magnitude(&rxv);
b2.x - -rxv.x/nagrxv;
b2.y - -rxv.ylmagrxv;
b2.z - -rxv.z/magrxv;

Vector cross(&bl ,&b2,&bl xb2);
magblxb2 - vectormagnitude(&blxb2);
b3.x - blxb2.x/magblxb2;
b3.y - blxb2.y/znablxb2;
b3.z - blxb2.ztmagblxb2;

A - bl.y + b2.x;
B = b2.z + b3.y;
C - bl.z + b3.x;

ift fabs(B) > - 1.e4)

orb quat.x - sqrt(A*C/4.OIB);
if fasorbýquat.x) > - 1.e4)

orbquat.y - A/4.O/0rb~quat.x;
orbquat.z - C/4.Olorb~quat.x;
if( fabs(orbquat.y) > - 1 .0e-)

uprop. a
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orb quat.s - (bi .z - 2*orkquat.x*orbquat.z)/2/orb~quat.y;

else
t

orb _qual~y - orkbquat.z - 0.0;
orb _quat.s - orbquat.x - 0.7071;

else

orb-quat~y - orb quat.z -0.0;
orb quat.s - orb quat.x - 0.7071;

orb _quat.y =orb _quat.z x 00
or qut- 0;r u:x .01

whlo(od dqa qNO)NO

orb _quat.x =-orb quat.x;

good quat =testquat(&bI ,&b2,&b3);

if (i > 2)

orbquat.y - orb._quat.z - 0.0;
orb _quat.s orb _quat-x = 0.7071;
good~quat YES;

orb quat.time - tans.time;

"* This fuactica evaluates the valitity of the relationship between a
"* quaternion and a DCM composed of three orthoornsal vectors as the rows

int testquat(Voctor *b1, Vector *b2, Vector *b3)

double dif;
let good-quat;

spzop. C
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dif = fabs(bl->y - 2*(Otbquat.x~orbquat.y-orb..quat.s5%fb..quat.z));
dif = dif + Ehbs(bl->z - 2Zofbquat.x~bquat.Z+orýjluaf.s~fb.AuaLY));
dif mdif + fbb.(b2->x - 2'*(orbquat.x~rbkquat.y+orb..quat.S%1b,..quat.Z));
dif w dif + fabo(b3->x - 2*(ofrquat.x~obquat.z-okbquat~s~rb. qatISy))
dif = dif + ftbg*b->y - 2*(oibqut.y~'obqua.z+oatbA quaIStb.s~ _uatx));

dif mdif + fabo(b2->z - 2'(okquat.y~oqu _at.z -ob. quaZ.s~tb..quat.x));

ift dif < 1.&46

good quat YES;

else

good quat -NO;

rctum(good~quat);

sprop.- C



spzropsk. c

Ulnciude < sidio.h >
Iinclude. < stdlib-bh>
#include < math.hb>

#include <edit~h>
Uinclude < edit ithb>
#inciude < keys~h>
#lnclude 'sim.h"

static State vector tans, spas, orb ins, noisy_tans, hold tans;
static Quaternion orb quat;

static double tans delta t, tans step;
static double spas ~delta-t. spas-step;
static double orb ins delta t, orb ins step;
static double rx variance, vx-variance;
static double ry variance, vyvyarance;
static double rz-variance, vz-variance;

static Perturbations far tans P. far orb-P, far spasP;

static double impulse -2.0*'0.00003O48, time to mndv, dv2 time;
static Vector delta v2;
static int mdv *nrges noise, tans unning = YES;

static void
thnist(State -vector *s, State-vector ',Vector *, Vector *s, Perturbations )

rdvz delta _v(State _vector iState-vector *s, double, Vector *s, Vector iPerturbations i)

getquat(void);,

static imt
teuaquat(Vector *s, Vector iVector i)

static FILE *infile2;

Odefine julian date 2000 2451345.0

mnt sinkantO
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cha *filename2;

fileaazne2 - edit lext(wEnter input filenamewt , 'tans sadat);
if ((infile2-fope;(fiiaiame2, "r)) - m NULL)

pfintf("Caa't open Ss\.n", filenamt2);
returm NO;

tans.time - ((((20 * 24) + 2) * 60.0) + 15) *60.0 + 0.0;

tans.pos.x - 6600.0; tans.pos.y - 0.0; tans.pos.z -0.0;

tans.vel.x - 0.0;
tans.vel.y - sqrt(3.9860064e+5/vectorntagnitude(&tans.pos))+O.O;
tans.vel.z - 0.0;

tans delta t - 10.0; tans-Step - 10; /* step size (sec) *

time to mdv =tans delta t*(double)((int)X402O.0/tas-delta-t));

spas.time =((((20 *24) + 2) * 60.0) + 15) * 60.0 + 0.0;

spas.pos.x =6600.0; spas.pos.y = 0.0; spas.pos.z = 0.0;

qma.vel.x -0.0;
spas.vel.y -sqrt(3.9860064e+5/vectormagqnitude(&spas.pos));

spas-vel.z -0.0;

spas delta t - 45.0; spas--step - 10;

orb ins.timne -((((20 * 24) + 2) * 60.0) + 15) * 60.0 + 0.0;
orb ins.pos.x m6600.0; orbjins.pos.y - 0.0; orbjins.pos.z - 0.0;

orb -ins.vel.x -0.0;

orb ins.voI.y in sqrt(3.9860064e+5/vectormagniitude(&tans.pos))+0.0;
orb ins.vel.z -0.0;,

orb ins delta t - 10.0; orb ins step - 10; 1* step size (sec) *

tansP. Drag. mode -

spzrpdak. a
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orb-P.Drag.mode

qpasP.Drag.mode : ON;

tans -P.Drag.boWar flux -
orb P. Drag solar flux -
spas P.Drag.uolar flux - 185.939343793603;

tans -P.Dvag.eean solar flux -
orb P. Drag. mean solar flux -

spas P. Drag. mean' solar flux - 178.6447698684861;

tans -P. Drag.goomagnetic -index ap -
orb P.Drag.geomagnetic index ap M
spasP. Drag.geomnagntic index ap - 19.87811961456716;

tans -P.Drag.ballistic -number - 64.0;
orb P.Drag.bailistic- number - 64.0;
spasP.Drag.bailistic number - 64.0;

tans -P.Gravity.number zonal -
orb P.Uravity.number zonal -
spas P.Gravity.number zonal - 6;

tans -P. Gravity.number-tesseral -

orb P.Gravity.number teasera
spas P.Gravity.numbir- tesseral -6;

instantiatejgotpot( I, &tans-P);
instantiatejgotpot( I, &orb-P);
instantistejgotpot( I, &spas-P);.

if (bgpropjinit() - - NO) return NO;

getquatO;

return YES;

void simnopO

spropdak~c.
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nt Sim -next uample(Siin sample *sample)

static double initial-time;
mtatic first-time -YES;

int cat;

if (rndvýinjprogress && tans.time > -dv2-time)

tans.vel.x -- delta v2.x;
tans-vel.y -mdelta -v2.y;
tans.vel~z -=delta _v2.z;
orb ins.vel.x -- delta v2.x;
orbjns.veL~y -delta v2.y;
orb ins.vel.z delta v2.z;
mndv in~progress = NO;

cnt -fscanf(infile2,"%lf %if %if %if %If %if %if", &sample- >orbgpVs.time,
&sample- > orbgPS.pos.x. &sample-> orb gPS-pos.y, &sample- > orbgps.pos.z,
&sample- > orb_ gps.vel.x, &sample- > orb_ gps.vel.y, &samnple- > orbj.ps.vel.z);

if (cnt < 7) return NO;

if (first-time)

initial-time = sample-> spas.time;
first-time - NO;

sample- > orb~jps.time + - initial-time;

if (spas~time + spas delta t < -orb-ins.time + orb ins delta t)

bgprop(spas.time, &:spas.pos,&spas.vel, &spassP,apas dlta t,spasste, &apaspos,&spa.vel);
spas.time+ spsdta;

bgprop(orbjns.time. &orb ins~pos. &orb-ins.vel,
&orb -P,orb -ins -delta t,orb inýsstep, &orb-ns.pos,&orbjns.vel);

orb-ins.time +- orb ins delta t;

spz'cpduk. a
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if (noise)

rx~varan - pow((doubleXrandom(1000)-500)/500.0, 3.0) * .2;
Ty-vanance - pow((double)random(1000)-300)/S00.0. 3.0) * .2;
fz _variance m pow((doubleXnindom(1000)-SOO)/SWOO., 3.0) * .2;
vx vaiiance - pow((doubie)(radorn(100)-500)/S00.0, 3.0) * .00;
vyvYananc - pow((doubleXrandoan(1000).500)/S00.0, 3.0) * .001;
vz -vanance - pow((double)(rndom(1000)-S00)/S00.0, 3.0) * .001;

else

I xvrace-00
ix variance = 0.0;
rzyvariance = 0.0;
nxvariance = 0.0;
vx variance = 0.0;
vy variance = 0.0;

noisy tans.pos.x = ix variance + tans.pos.x;
noisy. tans-pos-y - ly -varance + tans.pos.y;
noisy tans.pos.z - rz variance + tans.pos.z;

noisy tans.vel.x - vx variance + tans.vel.x;
noisy tans.vel~y - vy variance + tans. vel.y;
noisy tans.vei~z = vz-variance + tans.vel.z;

noisy tans.time = tans.tirne;
getiquto;

if (tansrunmning =- YE) hold tans noisy tans;

--- -- -- - -

saznple->spassv qwpa;
ample->apasjps spa;

sample-> orbtarg -spas;

sample->orb-i = orb ins;
sample-> orb quat -orb quat;
sample-> orb-ps -hoidjtans;

retur YES;

int aim key bandler(int key)

spropdsk. a
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IIstatic char work[32J;

Vector doltav Ivib, deltav M5O, delta VI;
int new mody-flas W NO;

switch (key)

case KEY alt f I:
orb ins z= tans; I/orb-ins update
bre;k

cane KEY alt f2: //noise toggle
noise 1; (noise ? NO: YES);
break;

case KEY -alt f3 M//TANS ninning toggle
ta~rns mn (tans running ? NO: YES);
break;

case KEY.alt f5: //Positive 'v'
deltavlvl4.x - impulse; deltav lvlh.y - 0.0; deltavj1vlh.z 0.0;
tbrust(&apas, &tans, &deltav lv1;1'b &deltavM50, &tansP);
taas.vei.x + - deltav-M5O.x;
tan.vel.y + - deltav-M50.y;
tans.vel.z + -deltav M50.z;
orb ins.vel.x +- deltav-M50.x;
orb ins.vel.y + - deltav-M30.y;
orb ins.vel.z +- deltav-MS0.z;
break;

case KEY-alt fb: Ingtv v
deltav lvlh~x - -impulse; deltav lvlb.y - 0.0; deltav 1vhh.z -0.0;

thnwst&spas. &tans, &deltav - vlh, &deltav-M50. &tansP);
tans.vel.x +deltav M50.x;
tan.vel.y +deltayvM50.y;

tans.vel.z += deltav M50.z;
orb ins.vel.x +-deltav-M50.x;

orb ins.veL~y deltav-M50.y;
orb ins.vel.z + - deltav-MS0.z;
break;

case KEY-altj MIlpositive 'r'
deltev lvhh~x - 0.0; deltav Ivuh~y -0.0; deltavj1vih.z - impulse;
thrust(&ap~s, &tan, &delta-v lviii, &deltav M3O, &tazasP);
taa.vei.x +- deltsv-M50.x;
tans.vel.y + - deltav-M50.y;
tans.vel.z + - delav-M5O.z;
orb-ins.vel.x + - deltav-MSO.x;
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orb ins vel.y + - deltav -MSO.y;

orb uis.vel.z + - deltav-M5O.z;

camn IEY-alt-fl: I/negative Yr
deltav lvlh.x - 0.0; deltav lvlh.y - 0.0; delwavjvlh.z - -impulse;
tbsuat&spae, &*ats, &delta-v Ivlh, &deltav MSO, &tansP);
tans.vel.x +-deltav-MS0.x;,
tanh~vel~y +-deltav-MS.y;

tans.vel.z +=- dehtav-MS0.z;
orb ins.vel.x +deltav-MS0.x;

orb ins.vel.y +-deltav-MS0.y;
orb ins.vel.z +-deltav-M50.z;
bre~k;

case KEY alt 19: I/increase 'delta V
impulse + = 0.00003048;

IIsetcolor();
IIouttextxy(80,80, work);

I/ sprintf(wofk,' %6.2f", impulse/0.0003048);
IIsetcolor(7);
IIouttextxy(80,80, work);

cane KEY h (10l: //deacrease 'delta V'
impulse -- 0.00003049;

II etcoior(0);
IIouttextxy(80,80, work);
IIsprintf(work,*%6.2f', impulsel0.0003048);
IIsetcolor(7);
IIouttextxy(80,80, work);

break;

caue KEY alt r: //secret stuff
rdvz delta v(&spas, Mtans, time to madv, &delta vi, &delta v2, &*ansP);
tans.vel.x + -delta vl.x;
tmna.vel.y + -delta vi V.y;
tans.vel.z +- delta vl.z;
orb ins.vel.x +delta vl.x;
orbins.vel.y +=deltayli.y;

orb ins.vel.z +delta vl.z;
dv2 time - tans.time + time-to-radv;
new mdv fla M YES;
break;

default:
new mndv flag - rmdv injwrogreass
break;

upropdsk. a
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mdv in~pogrm - ewp mndvjlag;
return YES;

"* Tbes ane helper routines for the edit screens below. These routines help
"* by copying oae just-set variable to other tha must be the -u value.

static int draK~fields.,ut(char Owork, void Odata)

edit-fleldjput dbl(work, data);

if (data -- &orb P.Drag.solar flux)
tans P.Drsg.solar _flux -
spasP.Drag.solar flux - orb P. Drag.solar flux;

else if (data - - &orbP.Drag.mesn solarflux)
tans P.Drag.mean solar flux -
spas P.Drsg.mean solar-flux - orb P. Dmg.mean solar-flux;

else
tans-P.Drag.Soomagnetic index~ap
spasP. Drag.geomagneticJndex~ap - orb-P.Drag.geotpic~index~ap;

return YES;

static int orb ballisticjut(cbar *work, void *data)

edit fleldjxwibl(work, data);
tans P.Drag.ballistic number - orb P.Drag.ballistic number;
reurn YES;

*...123456789 123456789 123456789 123456789 123456789 123456789
*I SIM Propagation Perturbations

*3 Orb TANS SPAS
*4 Y Y Y Dragmode on

* 5 XX XX Ballistic number
*6 X X X Zonai Harmonic
*7 X X X TesweraHarmonic

* 8 Y Noise modeocc
09
*10 Drag Info
*11 Solar Flux: X
012 Mean Solar Flux: X

*13 Geomagnetic Activity Index: X

spr~opdsk. a
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static Edit label labesiD

(1,20, *SIM Propagaition Perturbstions*),
(3, 3, 'Orb TANS SPAS-),
(4.24, 'Drag mods on),
S5,24, *Ballistic number'),

(6,24, 'ZmWa harmonic'),
(7,24, 'Tenera harmonic"),
(8,24, "Noise mode on'),

(10, 4, 'Drag Information*),
(1], 6, *Solar Flux:"),
( 12, 6, 'Moam Solar Flux:)
(13, 6, 'Geomagnetic Activity Index:*)

Odeflne LABELI COUNT (sizeof~labelsl )/sizeof(Edit labe))

static Edit-field fieldsl[l

(4, 5. edit fieldjet~yesno, edit fieldjmt~yesno, edit-field key~yesno, &orb-P.Drag.mode)
{4,12, edit fieldgSetj'm~o, edit-fleld~put~yesno, sd~it field keyjyemno, &mansP.Drag.mode)
(4,19, edit fieldjeyemno, edit fieldputjesmo, edit field key~ymo. &spasP.Drag.mode)
(S, 8, edit fleid~getdbl, orb balistic~put, edit field key dbl, &orb-P.Drag.ballistic-number)
(5.18, edit feledjet dbl, edit fieldput dbl, edit-fiecldkey dbl, &smsP.Drag.ballistic number )
(6. S, edit field~gejt m edit field~pu in, edit .field key in, &orb-P.Gravity.number-zonal )
(6,12, edit fileijet int, edit-fieldpu: int, edit field key in:, &tans P.Gravity.number zonal )
(6,19, edit -fleid~gdt mt. edit-field~pu tjnt edit field keyWt, &psW P.Gravity.numberznwl)

(7, 5, edit fleldjset. int, edit fieldput in:, edit field key int, &orb-P.Gravity.number tesaeral )
( 7,12, edit fieldget nt, edit fieldjutint, edit field keyt inU, &t P.Gravity.nurnbe; tesuerl
( 7.19, edit fleldgSet int, edit -fieldput int, edit field key in:, &apasP.Grsvity.numbertesseral )
(8,12, edit fieldgetyemno, edit-fieldputjemao, edit field key~yemno, &noise ),
(11, 18, edit fieldje dbl, drag fieldujmt, edit field keyjdbl, &orb P.Drag.solar _flux,
(12,23, edit fleldjet dbl, drag fieldsjxa:, edit field~key_&l, &okbP.Drag. mean solar flux )
(13,34, edit fleldgjet dbl, drag fieldsjmt. edit field keydbl, Lorb _P. Drag. geom~agnetc indexap

Odefiae FIELD 1 COUNT (sizeof(fieldsl)/sizeof(Edit field))

Edit scren screen 1

LABELI COUT, lab .i
FIELD I COUNT, fieldil

static Edit screen "ucreemaD

&screwl
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fUdsfne MAX-SCREENS (sizoof(screens)/sizoof(Editzucreen )

sicu at currant-screen;

met siu-edit-daimlayjinito

edfit scree ni scnatres(cuarrnt urenJm);
return YES;

int sim edit key handler(int key)

int rc -edit screenkey handler(screensf current scren]. key);

if (rc>O0) return rc;

Ph

switch (key)

cmw KEY~pgup:
if (-curre wntcre < 0) current-screen m MAX-SCREENS - 1;
break;

cms KEY~pgdn:
if (+ + current scree > - MAX-SCREENS) current screen m0;

break;

default: reumn NO;

edit -screen anit(acreens~current- sctreen]);
return YES;

"* Ths function is designed to tuwn thrust commands in an LVC (local LVLM)
"* coordinate fhum into M50 conanunded delta v's to be applied before the
"* next step in the driver.

void thrust(State vector "'target, Stae vector "'chaser,
Vector "'detav lvlh, Vector Odeltay-M50, Perturbations *P)

opropdok. a



focluds <sgdiobi>
rawhide <ullochb>

Ulnclude <edith>
Olncluds 'sim.h*

0define MAXSAMPLES (Oxffff /sizoof(Sim ~sample) - 1)

typodef struct me. buffer

stnact -mem. buffer *next;
imt count;
Sim ~sample samplesIMAXSAMPLES];

Mem buffer;

static Me. buffer *buffer -first, *buffer current;
static Si. sample 4sample next;
static int sample cat;

imt Sim nito

cbar *filename;
FILE *infile;

ant samples;

Me. buffer *buffer, *bufferyrev;

filename - ediutextEnter input filename:', 'i~dt

if ((infilemfopen(fileaame, fb')) -- NULL.)

printg(Can't open %s~n", filename);
return NO;

fueek(infile, OIL, SEEK-END);



ý*

rnmpes - (intxftWlinfile) / vUaaf(SiIR samle));

samples - edItjnteger(ow amny samples sbould I load:'. samples);

if (Samples < a 0)
I

fdornhaftle);
return NO;

fseek(.nfih, OL, SEEk SET);

for (buffepremv - NULL-,
samples > 0;
samples -- MAX-SAMPLES. buffer-prv -buffer)

if ((buffer - mU~loc(sizvof(Mem buffer))) -- NULL)

pnrntfC'Ran out of memrnoy, Sd samples iremaining~n*, samples);
fcloe(infiie);
return NO;

if (buffer-first - - NULL) buffer first - buffer;
else bufferrev- >next - buffer;

buffer-> next - NULL;
buffer-> count - fread(buffer- > samples, sizeof(Sizi sample), MAX-SAMPLES, mnfile);

if (buffer-> count < -0) samples - 0;

buffer current - buffer first;
sample cnt - buffercurrnwt- >count;
sample next -buffr-curet- >samples;

fcloee(infiie);
-eur YES;

VOid immstop( )

1Cm ~ ~ ~ ~ ~ ý mmm mm mm mm mm mm mm mm mm mm mm C
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double magpos, magxxv, inagvber, dt, gcl[3J[3J;
double step = 5.0;
Vector mhhat, vb, pos~o, vel-o, xtxKvt;

if( chae- > time > - target- > time)

poso_ = chaser- > pos;
vel-o = chaser-> vel;

else

dt = target- > time - chaser- > time;
bgprop(chaser- > time, &chaser- > pos, &chaser- > vel, P, dt,
s"e, &pos-a, &vel-o);

magpos =vector_magn tud(W&pos 0);

gcl[0J[21 -pos o.x Imagpos;
gcl[I][2] -pos o.y /msgpos;
gcl(2[2][2= -pos o.zI magpos;

vector cross(&pos aO, &vel a, &xtxvt);
magxxv =vector magnitude(&xtxvt);

gcl[0][1] mhhat.x = -(xtxvt.x / magxxv);
Scl[IJ[1] =mhhat.y = -(xtxvt.y / magxxv);
.qcl[2][1] mhhat z = -(xtxvt.z / magxxv);

vector _cross(&pos a, &mhhat, &vb);

magvbar = vector magntude(&vb);

gcl[OJ[0] = vb.x / magvbar;
gcl~l][O] - vb.y / inagvbar;
gcl[2](0] - vb.z / magvbar,

vector tranforui(deltav_lvlh,deltav-MSO,gcl);

*This is the "bad* function. The inputs are the target state vector, the

spropdak. a
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"* chaer ste vector, and the time alloted for the rendezvous (ttr
"* this must be in even increments of the propogption to allow for input of
"* the second delta v). The output is the delta v's (in MSO) to be input at
"* the next step, and at the end of ttr for the chaser to effect a rendezvous
"* with the target.
*1

void rdvz.delta v(State vector *target, State-vector *chaser,
double ttr, Vector *dvlMSO, Vector *dv2.M50,
perturbations *P)

{
static double mu = 398600.64;

double step = 15.0;

double magposjt, magvel t, magxxv, magvbar, lcg[3][3J, gcl[3][3];
double dt, delta;
Vector xtxvt, hhat, vb, rdot, to, dvl_MSOIl;
Vector pos_dif, dvllvlh, dv2 lvlh, omega, wxr-term;
Vector post, vel.t, pos_o, vel-o, postnew, veltnew;
double T,w;
int ij;

1*

"* first match the time tags by propogating target to chaser regardless of
"* which is more recent. This is artificial due to the restriction of
"* applying delta v's only at integrator (sim) time steps for chaser.
*/

dt = chaser- > time - target- > time;
if(fabdt) > 1.0e-8){

bgprop(target- > time, &target- > pos, &target- > vel, P, dt,
step, &post, &vel_t);}

else
{

pos.t - target->pos;
velt = target->vel;

poso = chaser-> pos;
vel o = chaser- > vel;

/*

magpost = vector~magnitude(&j._ot);
magvel t = vector imagnitude(&velit);
T - 2*Pl*sqrt(mu*mu/(pow(2*nmu/magpos t - magvel.t*magvel-t,3)));

opropdak. a
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w =2'P1/T;

lcg[1J(0J - pos t.x / .gpos t;
IcS[1][lJ -POSt.Y / uaapos-t;
lcg[I][2] - post.: magpos-t;

vector-cross(&pos~t,&vei~t, &xtxvt);
magxxv =vector magniftude&xtxvt);

Icg[2](0] hhat.x = xtxvt.x / wagxxv;
lcg[2][1J hhat~y = xtxvt.y / umagxxv;
lcs[2J[2] bliat.z = xtxvt.z / magxxv;

vector-crosa(&post, &hhat, &vb);

magvbar =vector-magnitude(&vb);

lcg[0][0] - vb.x / magvbar; pos~difx =poso.x - post.x;
Icg[0J[1J vb.,, / rnagvbar; posdif.y = pos o.y - post.y;
Icg[0][2] vb.z / magvbar; pos~dif.z = pos -o.z - pos-t.:;

vector traaiform(&pos dif, &ro, lcg);

rdot~x = ro.xI~sin(w*ttr) + ro.y*(6*~iw*ttr*sin(w*ttr)-14*( I - cos(w~ttr)));
delta = 3*w*ttr*sin(w*ttr) - 8*(i - cos(w*ttr));
rdot.x = rdot.x/delta;
rdot.y = ro.x+ (4*rdot.x-6*ro.y)*sin(w*ttr)+ (6*ro.y-3*rdot.x)*w*ttr;
rdot.y - rdot.y/(-2)/(I-cos(w*ttr));
rdot.x -rdot.x*w;
rdot.y = rdot.y*w;

rdot.z - -ro.z*w/tan(w*ttr);

omega.x -0.0;
omegaLy 0.0;
omega.: = W

vector crosa(&omega, &ro, &wxutenn);

dvI lvlh.x - rdot.x + wxr term.x;
dvi ivih.y - rdot.y + wxr~term.y;
dvi ivib.z = rdot.z + wxryterm.z;

spzropdu)k.
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for(j=O; j<3; j++)

for(i -0; i <3; i ++)

vector transfonn(&dvlIvlh, &dvl_MSOlI, gcl);

dvIM50->x - vel t.x + dvIM50_iLx - vol o.x;
dvlMSO->y =vel -t.y + dvi MSO01.y - vel o.y;
dv IMSO- >z - vol t. z + dv IMSOl. z - vel-o. Z;

dv2_lvlh.x = (24Irdot.y*sin(w*ttr) +(4*'rdot. x-6 4Iw4ro.y)*cos(w*ttr) +
6*waIro.y-3*rdot. x);

dv2_-lvlh.y = ((3*w*ro.y - 2*rdot.x)*sin(w*ttr) + rdot.y*cos(w*ttr));
dv2_Ivlh.z - rdot.z*cos(wi'ttr) - ro.z*w*sin(w*ttr);

*next we have to propogate the target again to a time ttr plus where we
*we are right now (a second propagation)

bgprop(chase-> time, &pos_t, &vel-t, P, ttr, step, &pos mnew, &vel-tnew);

rnagpos_ = vector _magnitude(&pos tnew);

gcl[O][I] =pos Znew.x / magpos~t;
gcl[1J[1J pos tnew-y I magpos-t;
gcl[2][1] =pos_ tnew-z / magpos~t;

vector cros9(&pos tnew, &vel-tnew, &xtxvt);
magxxv =vector magnitude(&xtxvt);

gcl(OJ[2] =hhat.x = xtxvt.x / magxxv;
gcIl][2] =hhat.y = xtxvt.y / magxxv;
gcl[2][2] =hhat.z - xtxvt.z / magxxv;

vector_cross(&pos tnew, &hhat, &vb);

magvbar = vector _magmitude(&vb);
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gcl[O][O] =vb.x / inagvbar;
gcl[l][O] = vb~y / magvbar;
gcl(2][O] = vb~z / magvber;

vector-trnsform(&dv2-lvlh,dv2-MSO,gcl);

"* getquat(*quat, *orbiter) .. .produces a quaternian for the attitude of the
"* orbiter *Qbia based on its position and velocity. This is by nomes
"* an implication that this propogates the orbiter attitude. This is however
"* a way of creating a time varying quaternian based on a desired attitude.
"* this function is currently designed to produce a gravity gradient position
"* with the payload bay facing aft, as if preparing to rendezvous.

void getquat(void)

Vector posoq, vel -o, bi, b2, b3, rxv, blxb2;
double A, B, C, magpos, magrxv, magblxb2;
int good quat, i;

pos-o = tnspos;
vel-O= tans.vel;

magpos = vector _magnitude(&pos o);
bl.x = pos_o.x/magpos;
bL~y = pos~o.y/magpos;
bl.z = pos~o.z/magpos;

vector cross(&pos_o,&vel-o,&rxv);
magrxv = vector _magnitude(&rxv);
b2.x = -rxv.x/magrxv;
b2.y = -rxv.ylmagrv;
b2.z = -rxv.zimagrxv;

vector cross(&bl ,&b2,&bI xb2);
magblxb2 = vector_magnitude(&blxb2);
b3.x = blxb2.xlmagblxb2;
b3.y = blxb2.y/magblxb2;
b3.z - blxb2.zlmagblxb2;

A = bI.y + b2.x;
B - b2.z + b3.y;
C = bl.z + b3.x;
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ift fabs(B) > - 1.0c-8)

orb _quat.x = sqrt(A*C/4.0/B);
if( faba~orbquat.x) > 1 I.0e4)

orb~quat.y = A/4.lorbquat.x;
orbjjquat.z =C/4.Olorbquat.x;
if( fabs(orbquat~y) > - 1.0.-B

orb _quat.s = (bl.z - 2Ilorbquat.x*orbquat.z)/2/orbquat.y;

else

orb _quat.y = orb quat.z = 0.0;
orb _quat.s = orb quat.x = 0.7071;

else

orb..quat.y = orb quat.z = 0.0;
orb _quat.s = orb quat.x = 0.7071;

orb quat.y = orb quat.z x 00

or = ut~ 0;r utx .01

gole(god ~ a qNO)=NO

orb quat.x -orbquatzx;

gocodquat =testquat(&bl ,&b2,&b3);

if (i > 2)

orb _quat.y = orb__quat.z = 0.0;
orb _quat.s = orb _quat.x = 0.7071;
good quat = YE;

orb quat.time = tans.time;
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"* This function evaluates the valitity of the relationship between a
"* quaternion and a DCM composed of three orthononnal vectors as the rows

int testquat(Vector %1l, Vector *b2, Vector *b3)

double dif;,
int good quat;

dif = fabs(bl->y - 2*(orbquat~x*orb~quat.y-orbquat.s*orbqual.z));
dif = dif + fabs(bl.>z - 2*(orb quat.x*orb _quat.z+orb_quat.s*orbquat.y));
dif = dif + fabs(b2->x - 2*(orb~quat.x*orbquat.y+orbquat.s*borquat.z));
dif = dif + fabs(b3- >x - 2*(orbquat~x~obquat.z-orbquat.s*orbquat.y));
dif = dif + fkbs(b3->y - 2*(orbquat.y*orbquat.z+orbquat.s*orb~quat.x));
dif = dif + fabs(b2->z - 2*(orb_quat~y*orb quat.z-orb_quat.s*orb~quat.x));

if( dif < I."-6

good quat YES;

else

good quat = NO;

return(good~quat);

syroydak. c



caninta.ain

;* Public Domain
; * Thomas J. Silva and Bruce G. Jackson & Associates, Inc.

ideal
model large,C

include "comjxortinc"

codeseg
locals
PORT equ (Comrportinfo es:bx)
BFR equ (Cornjport buffer es:bx)

int _comjport reset(Com.portjinfo *port)

I check for the existance of the corn-chip, then I reset the chip a known
initial state. I return an existance flag:

ax = 0 NO, chip doesn't respond
ax > 0 OK, chip initialized to: 9600-n-8-1, no interrupts

;Trashed: ax bx cx dx es

REG 2 INIT - ACC w2 rx fifo 14 + ACC w2 fifo on
REG_47INIT = ACC6rw4_RTS + ACCrw4_.DTR + ACC-rw4.output2

proc _comjort reset
arg argPORT:ptr Comport info

les bx,[argPORT]
mov dx,[PORT.port]

Test for the chip's presence by loading the divisor latch and reading it
back.

ACC_WR 3,mov,ACCrw3_dlab ;Access the divisor latches
ACCWR 0,mov,0fah ;load up registers 0 & 1 with a pattern
ACCWR l,mov,Odeh
ACC RD 0
mov ch,al
ACC RD 1
mov cl,al
ACC WR 3,mov,O ;Turn off divisor access

ccm inta, aumr
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cup cx,Ofkadh
jz -reaet ;if (register =pattern) return NO

xor ax~ax
imp short _done

;Put the chip into a known state: interrupts off, fifos enabled, 9600
;baud, RTS DTR and OUT2 enabled

_reset: ,Initialize the chip:
TCC WR l,mov.0 ; Turn off interrupts
ACC7WR 2,movREG 2INIT ; Fifos enabled, 14-cha r fifo trigger
ACCWR 3,mov,ACC~rw_3dlab ; Divisor latch acs
ACC_WR 0,mov,Ocb BRG count = 12, 9600 baud (with X16 clock)
ACC_WR l'moOVIM
ACCWR 3,mov,ACC~rw3_8hits ; DLAB off, rx/tx 8 bits, no parity, I stop
ACCWR 4,mov,REG-4_INIT ; RTS, DTR, OU77 (connects interrupt line)

ACC-RD 5
ACC-RD 6 ;read line/modem status to clear them

Mov al,1 ;return OK

-_done:
ret

endp

void -comp~ort set(Comjort info *port, ushort divisor, int parity, int stops)

I set the baud-rate divisor latches, the caller must compute the divisor.

Trashed: ax bx dx es

proc -COmjort s9et

arg arg WRT:ptr Comport info, arg DIVISOR:word, argPARMT:word, argSTOPS:word

lea bx,[argPORT]
mov dx,[PORT. port]
mov bx,[argDI VISOR]

ACCWR 3,mov,ACC~rw3_dlab + ACC~rw3_8bits
ACCWR 0,mov,bl
ACCWR 1 ,mov,bh
may ax, (rgPARrTY
or ax,[arg STPS]
and &I, Ich
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ACC_WR 3,or,ACC~rw3l$bits

rat

endp

void _corn intr cýattch(Comyport info *'Port)

I perform these tasks:
Save the old interrupt handler
Create the new interrupt handler entry Point

* Install the new handler
Enable the interrupt control line

* Enable the chip's interrupts

;Trashed: ax bx cx dx es

proc -com-port intr catch uses ds

arg arg PORT:ptr Comjxwrt info

Get and save the current interrupt handler.

les bxjfargPORT]
mov aIJ[PORT.irq] ;al =base interrupt id + irq
add al,PC~intirqo
MOV cl,al
inov ah,35h
hit 21b ;Set and save the current handler
mov ax,bx
mov dx,es

lee bx,[argPORT]
Mov [PORT.old-handler.offl~ax
mov [PORT. old handler. segJ,dx

Create a small interrupt handler at the beginning of the Port structure.
This code wil call the base-hadler below, which will then be able to
find the port structure.

mov [PORT.entry.opesj,OPPUSHES
mov [PORT.entry.op~bx1,OP-PUSHBX
mov [PORT.entiy.op~nop],OPNOP
may [PORT.entry-opcall],OýCALLF
may [PORT.entty.handler.offJ,offiet -handler
may [PORT.entry.handler.seg],cs
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Install the new interrupt handler for this IRQ.

may dx,es
May ds,dx

moy dx,bx ;ds:dx ->port structure
may ah,2Sh
may aidc

haderit 21h ;install the prope interrupt

Tell the interupt controller to enable my interrupt line.

Mov cl.[PORT.irq]
May ah, I
mhl ah,cl
Mov [PORT.ixnjmssk],ah ;my bit mask I < < irq

th akcli ;dsable interrupts while I change

in al,PC-ICD-rI ;al - current interrupts-enabled mask
moy cl~al
not all
and al,ah ;al = current-mask & - my_mask
out PlCCO~rI,al ;Set new interrupt mask with my interrupt on
Mti

not Ah
and CI~A ;I must remember is the interrupt was off
jz -do-chip

or (PORT. statusJ,COM PORT irqLwas off

Tell the chip to enable interrupts fo~r rx and/or tx.

-do-chip:
mov ax,[PORT.swus]
Xor cl,cl ;initial mask = 0

test ax,COM-PORT -rx -enabled
jz _chk~tx ;if (rx _enabled)

or cl,ACC-rwl-int-rx ;mask I-rx int-mask

_cbk-tx:
test ax,COM PORT -tx -enabled
jz msetiler ;if (tx _enabled

or cl,ACC rwl int tx ;mask t=tx-int-mask

_met-ier:
may dx,[PORT. port]
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ACC-WR l,mov,cl ;Enable interrupts

ret

void _comjxwtijntr.uncstch(Coanjmotino *'Port)

I perform these tuab:
Disable the chip's interrupts
Disable the interrupt controller (for my interrupt)
Restore the old handler

Trashed: ax bx cx dx as

proc _com~port~intr uncatch uses ds

arg arg ORT:ptr Comj~ortinfo

Tell the chip to disable all interrupts.

lea bx,[argORTJ
mov dxEPORT.port]
ACC-WR l'movO ;Disable interrupts

;Tell the interrupt controller to disable my interrupt line, but only if
;it was disabled when I began.

test [PORT. atsW]a,COM PORT irqywas off
jz _do handler ;if (it was disabled)

cli
in al,pC ICOl Aa W current interrupts-enabled mask
or aI,[PORT.-irqjnask] ;aI 1= myMAsk
out PCIQCrI-,al ;turn off my interrupt line
sii

do handler:
leaS bx,[rgPORTJ
mov al,[PORT.irq] ;a! base interrupt id + irq
add al,Pp~intirqD
MOV ah,25h
Ida dx,[PORT.ol4_handler.ptr]
int 21h ;restore the old handler

ret
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mdp

int _com_po".SeCom.powfo "port)

I get the next byte from the receive queue. I return the value as follows:
, ax Oxfff Queue empty (-I)

ax - OxOOxx Low byte has value, high byte is zero

;Trashed: axbx as

proc _comport•j• uses ds si
erg rgPORT:ptr Com.portinfo

le bx,[arg.PORT]
lea bx,[PORT.rx] ;es:bx -> rx buffer
cid
cli
call near _bufferjet ;get one byte from buffer

jnz _gotbyte ;if (queue empty)
xor ax,ax
dec ax ;value - -i
jmp short-done

.gotbyte: ;else
xor ah,ah ;high_byte 0

done:
ret

endp

int _com.port_put(Com.ort_info *port, ushort value)

I put a byte into the transmit queue. I return a flag as follows:
ax-O Queue full

; ax=I Ok

Trashed: ax bx dx es

proc _com_potput uses ds di
rg rgPORT:ptr Compot info, ergVALUE:word

corn nta. am
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mayv ax,[ars-VALUEI ;aJ - byte to send
les bx.[rgPORIJ
cid

cli
test [PORT. statusJCOM PORT tx stopped

jz txMput ;if (txstAopped)
may dx,[PORT.portJ
out dx,ai ;umend the byte
and [PORT.statusJ,not COMPORTtxstopped

Mov ax,lI
imp short -done

tiMput: ;else
lea bx,[PORT.txl ;es:bx - > tx buffer
call nar _bufferjut ;put one byte into buffer

_done:
sti
ret

endp

I Set one byte from a buffer.

Inputs: es:bx - > buffer structure
direction up

;Returns ah=-O0if nodata, >0if ok
al - value
ZR/NZ follows Ah

;Trashed: axsi ds

Proc _Wfferjget near

-ov ax,[BFR.bused]
or ax,ax
jz -done ;if (buffer.used = 0) return NO

Ids si,[DFR.bstart.ptr]
add si,[DFR.btail] ;ds:si -> tail byte

lodsb ;al - *tail+ +

sub si,[DFR.bstartofl]

CMP si,[DFR.bgnze
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jb ml tai ;if (tail > size)
XOI 5l,3i ;tail -0

myv [BFR.blail],si
dec [DFR.busnd]
or ahtl ;return YES

_done:
rat

eadp

I put one byte into a buffer.

Inputs: es:bx -> buffer structure
al value

;Returns: ax -O0if full, Ilif ok
ZR/NZ follows ax

;Trashed: ax di ds

proc buffer~put near

'nov di,[BFR.bused]
cmp di,[BFR.buizeJ
jb pumt byte ;if (buffer used > =buffer.uize) return

NO
xor ax,ax
ret

_put byte:
Ids di,[BFR.bstart.ptrJ
add di,[BFR.bhead] ;ds:di -> head byte

'nov [dil,al ;al = *ed
inc di

sub di,[BFR.bstart.of1j
cup di,[BFR.bsize]
jb -adethead ;if (head > size)

xor di,di ;head = 0
ml thead:

'nov [BFR.bhead],di
inc [BFR.bused
xor ax~ax
inc ax ;return YES
ret

endp
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I am the interrupt function for the tx empty condition.

Inputs: es:bx -> port info structure
dx = port

Trashed: ax cx si ds

proc _txempty near

mov cx,bx
lea bx,[PORT.tx] ;es:bx -> tx buffer

Loop while the chip can take more bytes.

loop: ;for (;;)
ACCRD 5 ;get line status
test aI,ACC r5 tx empty
jz __done ;if (tx full) break
call _buffer_get ;get one byte from buffer
jz _txstopped ;if (got one ok)

out dx,al ;send the byte
jmp loop ;continue

tx stopped: ;else
mov bx,cx
or [PORT. status],COMPORT_tx_stopped

-done:
mov bx,cx
ret

endp

I am the interrupt function for the rxready condition.

Inputs: es:bx -> port info structure
dx = port

;Trashed: ax cx di ds

proc _rxready near

mov cx,bx
lea bx,[PORT.rx] ;es:bx - > rx buffer

cam-inta.auui
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Loop while the chip has muo bytes.

loop: ;for (;;)
in al,dx ;get byte
call buffer.put ;put one byte into buffer
ACC -RD 3 ;get line status
test al,ACC r5 rx avail
jnz loop ;if (rx not ready) break

-done:
mov bx,cx
ret

endp

; I am the interrupt handler, I expect to be called by the snippets of code
; created above by the -catch routine.

proc _handler

; Retrieve the portinfo pointer off the stack, es and bx have been saved
; on the stack, I must save others.

sti
cld
pop bx
pop es
sub bx,8 ;es:bx - > port pointer
push ds
pusha

;Loop while I've got something to do. The es, bx, and dx registers must

be maintained across subroutine calls.

mov dx,[PORT.port]

loop: ;while (interrupts pending)
cli
ACCRD 2 ;get interrupt id flags
test aI,ACC r2 int pending
jnz inttcir

xor ahah
and al,ACCr2 int type.
mov si,ax
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jimp Ics:switch+sij ;switch (interrupt ty-pe)

switch dw __case-modem stat, __case-tx_empty

dw __case_rx_avail, __case ine-stat

-case-modem stat: ;case modem-status:
ACCRkD 6 ;read modem

status to clear
imp -loop

-case line -stat: ;case line status:
ACC-RD 5 ;read line status

to clear
imp -loop

_case ix avail: ;case rx-available:
call _rx~ready ;empty the chip's rx queue
imp -loop ;fall through to tx chk

-case tx .empty: ;case tx_empty:
call _tx-empty ;fill the chip's tx queue
imp -loop

Clear the interrupt controller, release this interrupt line and all the
lower priority lines.

-int-cir:
cli

Mov al,IC-Ooi
out PC_ICO_'()al ;End-of-interrupt command

-done:
popa
POP ds bxes
iret

endp

public _comj~ort reset, _comp~ort set
public -comp~ortwitr-catch, _comJport-intr-uncatch
public _comj~ort~get, _comp~ortyput

end
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* Public Domain
* Thomas J. Silva and Bruce G. Jackson & Associates, Inc.

#lnclude <alloc.h>

#include <comjport.h>

static Comjport_info comjports[COMPORT max] i
{

/* entry status port irq */
{(0), COMPORT tx stopped, 0x03f8, 4 },
((0), COMPORT tx stopped, 0x02f8, 3),
((0}, COMPORT tx stopped, 0x03e8, 4),
((0). COMPORT tx stopped, OxO2eS, 3)

static Corn jo,,, -" *com_.ort_ verify(int portid)
{

if (port id > 0 && port_id < = COMPORTmax)
{

Comport info *port = comports + portid - 1;
if (port-> status & COMPORT_in_use) return port;

}
return NULL;

* Returns:
* 0 No: bad id, port in use, chip doesn't respond, or out of memory
* I Ok:

int com_.ortstart(int portid, ushort rx bsize, ushort tx bsize)
{

Com_.portinfo *port = comports + port_id - 1;

"* Check the port number for validity, make sure it's not already in use.
"* Then make sure the chip for that port responds (i.e. it exists).
*/

if (port_id < - 0 I portid >. COMPORT max
II port->status & COMPORTin use) return NO;

if (_com_portreset(port) = NO) return NO;

cornitc. c
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* Allocate the rx and tx buffers.
*/

if (rxbsiz)
{

if ((port->rx.start = m-loc(port->rx.size = rx bsize)) NULL)
return NO;

port->rx.used = port->rx.head = port->rx.tail = 0;)

if (tx_beize){
if ((port->tx.start = malloc(port->tx.size = txbsize)) == NULL)
{

if (rxbsize) free(port- > rx. start);
return NO;

}
port->tx.used = port->tx.head = port->tx.tail = 0;

* This port is now in use, it is not currently transmitting.
*/

port->status = COMPORT in use I COMPORTtx_stopped;

if (rx_bsize) port->status = COMPORT rx enabled;
if (txbsize) port->status I = COMPORT tx-enabled;

* Install the proper interrupt handler, and enable the chip's interrupts.
*/

_comj.ort intr catch(port);

return YES;

* Returns:
* 0 No: bad id, or port not in use
* 1Ok:

int comjportstop(int port_id)
{

Comjportinfo *port = com_port verify(portid);

/*-

* Shut off the chip's interrupts, and remove the interrupt handler.
*/

if (port == NULL) return NO;
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_com~j~ortintruncatch(poft);

port->stauws = COM-PORT~tx~stopped;

/d.
*Free the rx and tx buffers.

if(ot x ie feprt>1sat;pr-r-ie 0

if (port->rx.size) (free(port->tx.start); port->rx.size -0;)

return YES;

*Returns:

*0 No: bad id, or port not inuse
I 10k:

in, comjiort set(int port id, long baud, int parity mflag, hit stop bits)

Comjportjinfo *port = comjiortverify(port~id);
ushort divisor;

if (port = = NULL) return NO;

divisor = (ushort)(COMPORT-clock / baud) / 16;

_Comjort~set(port, divisor, parity flag, stop bits);

return YES;

*Returns:

*-1 No: bad id, port not hin use, or queue empty
00Oxx Ok: high byte zero and valuehinlow byte

hit com~port~get(int port id)

Comj~orthifo *'port = comp~ort verify(port id);

if (port ==NULL) return -1;
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return comjortget(port);
)

* Returns:
e -1 No: bad id, or port not in use
* 0 No: queue empty
e >0 Ok: number of bytes

#fdef NOT-YET
int comport read(int portid, ubyte *where, int size)
{

Cowmport info *port = com_port verify(portid);

el

if (port -- NULL) return -1;

return _com..ortread(port, where, size);
}
#endif NOTYET

* Returns:
* 0 No: bad id, port not in use, or queue full
* I Ok:

int comportput(int port_id, ubyte value)
{

Comjport info *port = comj.ortverify(portid);

*/

if (port == NULL) return NO;

return _comj.ortput(port, value);
)

e Returns:
* -1 No: bad id, or port not in use
* 0 No: queue full
* >0 Ok: number of bytes

#fdef NOT YET
int comport write(int portid, ubyte *where, int size)
{
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Comjport info *~port - comjportverify(pmrtd);

if (port - -NULL) return -1;

return comimortwrite(port. whene, size);

#"~df NOT-YET



orb-file..c

Uinclude <stdio.h>
#Include <ic~h>
linclude <fcntl.h>

Iinclude <edit~h>
#include <pktif.h>

static int file-status, file handle-rx =-1;

// static int file-handle tx = -1;
static FILE *file rx = NULL;

#define FILE IS DEVICE OxOOSO
#define FILENOTEOF 0x0040
#define FILE IS RAW 0x0020
#define FILESET BITS OxOOff

int orbjmortinitO

char *fifrmune;

filename = edit text("Enter Orbiter file/device:', h-com2-);

return orbyon~initbyname(filename);

int orbjmort mit _byname(char *fileamm)

if ((file -handle, rx = open(filename, O-RDWR I 0BINARY)) < 0)

printf("Can't open file/device %s\n*, filenamne);
return NO;

orb-f ile -c
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"* If input file is a device, place that device in 'raw mode. Otherwise
"m repe mwuing buffered 110.

file status in ioctl(file handle rx, 0, 0,0);

if (file -status & FILE IS DEVICE)

file status - (file staus & FILE SETDITS) I FILE S _RAW I FILE NOT EOF;
ioctl(flle _handle rx, 1, filestatusO);

IIfile handle tx -file handle rx;

else

if ((file -rx - fdopen(flle handle-rx, mrbw)) - NULL)

close(flle handle rx);
printf(Can't open Ss, out of memzy~n", filename);
return NO;

/1filenanme - edit text('Enter Orbiter output file:", filename);
/if ((file handle tx - open(fllename, O-RDWR 10 BINARY 10_CREAT, 0666)) < 0)

IIprintrf"Can't create file %s\no, filename);
IIcloee(flle handle rx);
IIreturn NO;

return YES;

int orb..portý.stopO

*If input file is a device, place that device back in 'cooked' moe

if (file -status & FILE IS-DEVICE)
I

file status &- -FILE IS RAW;
iocdl(fllehandle rx, 1, file statusO);
close(file handle rx);

else

fcloee(fllerx);
HI clow(filehandle tx);

orb-file.oc



return YES;
)

"* DOSsmcks. DOS has a bug regarding devices in raw mode, this piece of code
"* fixes the error caused by the bug. T7e bug occurs under these conditions:

- You are rading from a device in raw mode.
* - The memory you are reading into just happens to fall on a pragraph
* boundary (i.e. the address is divisible by 16).
* - The device driver doesn't have any bytes ready for you.

"* Under these conditions, DOS will erroneously mark your file with an EOF
"* flag, after which readO will always fail, even if the device has some bytes

"* ready. This kIudge marks the file as not-EOF.

static void fixdos_eofbug(void *location)
{

if (((uonrt)location & is) m = 0 && file-status & FILE_ISDEVICE){
file status [= FILE NOT EOF;
iocfl(file handle.rx, 1, file status,O);

}
}

int orbportjbO
{

i*

if (filestatus & FILE ISDEVICE)
4

ubyte work;
if (resd(filehandle¢rx, &work, 1) > 0) return work;
fix do. eof bug(&work);
retur -1;

}
else return getc(filerx);

* -/

#lfdef NOT-YET
int orbport read(ubyte *where, int bytes)
{

ozbfile. c
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if ((bytes - remd(fikbohudle nx where, bytes)) < = 0) fix do. eoafbug(wbero);

#madif NOT YET

orb-f1Ile. c
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mR mI mm mm -m m m mm n I -m slB•ES mm mm m m S mE 1 m mm m

* ,/

#include <pktif.h>
Dinclude <packe.h>
finclude <coma.h>

Smm •:E:E mm mm =I mmB mm mm mm S I $ mm mm mm mm mm m == = = = == = = ==

* The orbiter-ps packet is used for testing only.

* The vectors have these units:
* orbiter vectors are M50 in ft and ft/s
* spas vectors are WGS84 in ft and ftl/s
* orb-ps vectors are WGS84 in m and m/s
,

"* The orbiter time is absolute, 001/00:00:01.000 = = 1.0 sec + 86400 secs (one
"* day). The spas time is also absolute. The orb-gps time is also absolute.
*________*/

Orbpacket orbiterpacket;
Spas~packet spaspacket;
Orb gpspacket orbiterjpsjacket;

int orb_portpkt._error;

enum states
{

STATEfind_eb,
STATE find 90,
STATE get_type,

STATE fill jkt,
STATE usejpkt

static union
f

Orbpacket orb;
Spasjpacket spas;
Orbjp.packet orbjps;
ubyte buffer[l];

packet;

static int check_packets = YES;

orb_pkt.c
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void orbjportc_pwacotc k(int on-off) { cbeckackets - on-off;)

static imt cbeck-packet(void);
/static void dumpvector(State vector *sv, char *=g);

-------- =======:====-----:::::: :=: :== :::=

SReturns:
* 0 Nothing available
* >0 Packet type

int orbjyoftprocessO

static int state - STATE_find_eb;
static int buffer index = 0;
static int bytesneeded;

int packettype;
ushort value;

/*

"* Fill the packet buffer until: the packet is filled, or no more bytes
"* are available from the port.
*/

for (packettype = NO;
packettype = = NO && (value = orbportSetbO) !: (ushort)- 1;
packet.buffer[bufferindex] - value)

4
switch (state)
{

/*

case STATE find eb:
buffer oidex - 0;
if (value != OxOOeb) break;
state = STATE_find_90;
break;

*/

case STATE find_90:
if (value = = 0x0090)
{

buffer-index + +;
state = STATEet _type;

else state = STATE find eb;
break;

ozb_pkt. c
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case STATEjet type:
if (value = -PKCT-orbiter) bytes needled =sizoof(Orbj~acket) - 3;
else if (value - PKT_spa) bytes_,needed =sizaof(Spas~packet) - 3;
else if (value = - PKTjps) bytes-needed sizeof(OrbVpejacket) -3;
else

state = STATE-find-eb;
break;

state = STATE -fihljkt;
buffer index + +;
break;

case STATE -filhljkt:
buffer index+ +;
if (-bytes needed > 0) break;

if (value ! = OxOOef packet. buffer[buffer-index-i] =) OxOObe)

state = STATE-find-eb;
break;

else state = STAITE-usejpkt;

case STATE,_use~pkt:
packet"tp = check~packetO;
state = STATE find Ieb;
break;

switch (packet type)

case PKCT-orbiter: orbiterjmacket =packet.orb; break;
case PKT_spas: spasypacket = packet-spas; break;
case PKTgps: orbiterjgpsjacket = packet.orbgps; break;
default: break;

return packettyp;

orb~pkt. c
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#definae P06 LOW FT 21000000.0
#define pos7IGFTr 23000000.0
#defiune VEIL&LW FT 10000.0
#define. VEL HI FTr 40000.0

#define P05 LOW MI (POSjLOWFT * FT' TO MI)
#definae P05 HI 9- (pos,_HIFI * FT To -m)
#define VELLO.W M (VEL ,LOW FT * FT TO NI)
#,define VELHI_M- (VEL-HgFT - FFTO-M)

static State vector limits
limit -ft = { { P OSLW_FT. POSHI_-FT , (VELLOWPT, VELHIFT),
timit-m = P05_LOW NI, POS-HI_M ),{VEL LOWNI, VELM_HM );

static int check~pcket()

int packet_"yp = packet.orb.header.typ;

switch (packet type)

case PKTr orbiter:
if (checkpackets)

if (state -vector__check(&packet.orb.orbiter-vector, &limit~ft) = NO)

IIdump vectoi(&packet.orb.orbiter-vector, *Orb");
packet type - 0,

if (state -vector__check(&packet.orb.taretyector, &limit~ft) = =NO)

IIdump_ vectr(&packet-oirb-taget vector, OTgt');
packet type = 0;

break;

case PKT spas:
if (check~pakets)

if (state ector cbeck(&pscket.spas. gp vcor, &Iimit ft) ==NO)

IIdump vectof(&packet.spa.gps vector, "Spas");
packet type = 0;

orb~pkt. c
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break;

break;

case PKTgpe:
if (check~packets)

if (state_vector check(&packet.orbjps.gps vector, &limit-m) ==NO)

IIdumnp vector(&packet.spas.gps_vector, 'Orb~ps');
packet type = 0;
break;

break;

default: packettyp = 0; break;

return packet type;

---------------- =------- --- ----------------

Widef GIGO
Ninclude <stdio.h>
#include <times.h>

static void dump vector(State-vector "'sv, char *'msg)

char work[32];

time-dbl to-string(&sv- > time, work);
fjprintf(stderr, "%-6s %s\n", msg, work);
fprintf(stderr,m~tpos %9.Of %9.Of %9.0f\n", sv->pos.x, sv->pos.y, sv->pos.z);
fprintf(stderr,"\tvel %9.Of %9.Of %9.Of\n*, sv->vel.x, sv->vel.y, sv->vel.z);

#endif GIGO

ozb~pkt. c
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#include <stdio.h>
Elnclude < stdlib.h >

#include < edit.h >
#lnclude <comj~ort.h>
#include <pkt~if.h>

static int port id;

#define RX SIZE 2048

static int oPrbjort~init(int id, usbort rx-size);

"* I expect about 220 bytes per second, so a receive buffer of 2048 gives me
"* over 9 seconds of buffering.

int orbjportinito

static char msg[] = *Enter Orbiter port id (RS232 comi or com2) > "

int id;
IIushort rx-size = 2048;

id =x-sz edit -integer(" Enter rx size ', 512); *1
id=edit integer(msg, 2);

return _prbjxotnit(id, RXSIZE);

int orbjport init~byname(char *port name)

return orbp~ort init(atoi(port name), RX_SIZE);

static int _orbj~ort~init(int id, ushort rx-size)

orb~port. a
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if ((port id = id) ==0) return YES;

if (comport start(port id, rx size, 0) ==NO)

printf("Can't start port %d\n", port id);
port-id = 0;
return NO;

com~jpoqtse(pork_id, 96001., COMPORTjpur_none, COM_PORT_stop_1);

return YES;

int orbportstopo

if (port id) comy~ortstop(portid);
return YES;

int orb~rt..getbO

return (port id ? comnportjget(port id) -1);

#idef NOTYET
int orbjport read(ubyte *'where, int bytes)

return comj~ort read(port id, where, bytes);

#endif NOT-YET

orb~port. a
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=============== me K ini1 = ==== ====l=========== m = == = = -•

#lnclude <tas_pkt.h>
#include <pktif.h>

#define DLE OxlO
#define ETX 0x03

* Returns:
* 0 NO = Still collecting bytes, nothing available yet
* I YES = Got something, could be good or bad

int tans.packetrecv(Tansjacket *packet)
{

int value;

*/

for (;;) switch (packet->state)
{

* Here I get bytes and fill in the raw buffer until I find the DLE
* that starts the packet.

* If I have received more than just the DLE, then I return OK to give
* my caller a chance to do something with the garbage data. I remove
* the DLE from the buffer first: it is not part of the bad data.
*/

case TANSstate find start:
if ((value = tansport-getbO) - = -1) return NO;

packet-> raw[packet- > raw-size] = (ubyte)value;

if (+ +packet->raw size > = TANSPKTSIZERAW)
{

packet-> state = TANSstate_.oversize;
return YES;)

if (value ! = DIE) continue;

if (packet->raw size != 1)
{

packet- > raw.size-;

tansupkt. c
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packet-> state = TANSstate-hadigio;
return YES;

}
packet-> state = TANSstate packet start;
continue;

/*

"* Here I recover from the condition where I found bad bytes before
"* the start-of-packet. I fall through to the next state.
*/

case TANS.state_hadigo:
packet->raw[O] = DLE;
packet->mrawsize = 1;
/* packet-> state = TANS._state_.packetstart; - Redundant */

"* Here I initialize the cooked buffer with the start-of-packet DLE.
"* I fall through to the next state.
*/

case TANS state__packet_start:
packet-> cooked[0] = DLE;
packet-> cookedsize = 1;
packet-> state = TANS statefindend;

"* Here I get bytes and fill in both buffers until I find the DLE that
"* ends the packet. I fall through to the next state when I find a DLE.
*/

case TANS state find end:
if ((value = tans.jortgetbo) == -I) return NO;

packet- > raw[packet- > rawsize] =
packet-> cooked[packet- > cooked-size] = (ubyte)value;

if (+ +packet->rawsize > = TANSPKTSIZERAW
+ +packet->cooked-size > = TANSPKTSIZECOOKED)

{
packet->state = TANSstate._oversize;
return YES;}

if (value ! = DLE) continue;

packet->state - TANSstatefound_die;

/*

"* Here I get one byte and check for ETX or DLE. I always save the
"* byte in the raw buffer, but not always in the cooked buffer.

* A DLE will send me back to the find-end state, an ETX will send me
* to the _packet ok state, any other value sends me to packet.bad.
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"* If the packet is done, then I return OK to give my caller a chance
"* to do something with the packet (good or bad). For bad packets, I
"* remove the DIE and non-EIX byte* from the buffer first: they am not
"* pa• of the bad data.
*/

case TANS state found die:
if ((value = ans_port.getb0) -1) return NO;

packet->raw[packet->raw-size+ +] = (ubyte)value;

if (value DIE)
{

packet->state = TANSstate-find_end;
continue;

}

if (value == EIX)
(

packet- > cooked[packet- > cooked-size+ + ] = (ubyte)value;
packet-> state = TANSstatepacket ok;

)
else
{

packet- > raw size -= 2;
packet->state = TANSstatepacket_bad;

return YES;

"* Here I recover from the condition where I found a bad packet. I've
"* got two bytes that might be ok: DLE and whatever I found after DIE.
*/

case TANS-statejpacket_bad:
packet-> rsw[0] = packet-> cooked[O] = DLE;
packet->raw[l] - packet->cooked[l] = packet->raw[packet->rawsize + 1];

packet-> rawsize = packet-> cooked-size = 2;

packet-> state = TANSstate find_end;
continue;

* Here I reset all the counters and start looking for DIE again.

case TANS.statepacket-ok:
case TANS state__oversize:

packet->raw_size = picket->cooked-size = 0;
packet-> state - TANSstatefind_start;
continue;

tans_pkt. c
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#include <stdio.h>
hinclude <io~b>
#include < fcnath>

#include <edthb>
hlnclude <pkt~ifh>

static int file -status, file handle-rx -1
// static int file handleti - -1;
static FILE *file-rx - NULL;

#define FILE ISDEVICE OXOOSO
#deflne FILE NO-T EOF 0X0040
#defln FILE IS R7AW MOM02
#define FILE SET BITS OxO0ff

int tansjyortinitO

char *filename;

filename- edit text(wEnter TANS file/device:, "coml*);

return tansp~ort~init~byname(fllename);

printf("Con't~~~ openi =iedvc =sna =iea)

mt ~ ~ ~ ~ ~ ~ ~ ao tanpof intyaecC flare



"* If inu file is a device, place dhat device in *raw" mode. Othewise
"* reopen using buffered 1/0.

file status - icctlffile hasndle ix, 0, 0,0);

if (file -status & FILE IS DEVICE)

file status - (file _status & FILE SETBITS) IFILE IS RAW FIENTE ;
ioctl(fllebandle n, 1, file status,0); IENT OF

IIfile handle ti - file_handle_rx;

else

if ((file rx = fdopen(file handle-ix, *rba)) ==NUJLL)

close(file -handle_rx);
printft"Can't open %3, out of menoay~n", filename);
return NO;

IIfilename = edit -text("Enter TANS output file:"u, filename);
/if ((file handle tx = open(filename, O-RDWR 10 BINARY 10 CREAT, 0666)) < 0)

IIprintf(*Can't create file %s\n*, filename);
IIclose(file -handle rx);
IIreturn NO;

return YES;

int tansjmntstopO

*If input file is a device, place that device back in "cooked" mode.

if (file -status & FILE IS DE VICE)

file status &= - FILE IS RAW;
ioctl(file handle ix, 1, file- status,0);
close(file,_handle rx);

else

fcloseffile ix);
IIclose(file handle tx);

tans fiile. c



return YES;

*DOS has a bug reigarding devices in raw mode, this piece of code
*fixes the urror caused by the bug. The bug occurs under these conditions:

* - You an reading from a device in raw mode.
* - The memory you are reeding into just happens to fall on a paragraph
* boundary (i.e. the address is divisible by 16).
* -The device driver doesn't have any bytes ready for you.

*Under these conditions, DOS will erroneously mark your file with an EOF
*flag, after which readO will always fail, even if the device has some bytes
*ready. This kludge marks the file as not-BOF.

static void fix,_dos seofbug(void Clocation)

if ((ushort)location & 15) ==0 && file-statu & FILE IS DEVICE)

file stausm FIL.E NOTl_EOF;
ioctlffile handle-rx, 1, file status,O);

int tans..portgetbO

if (file -status & FILE IS DEVICE)

ubyte work;
if (read(file handle ix, &work, 1) > 0) return work;
fix -do* e of bug(&work);
ream -I

else retur getcfiler.-x);

#ifdef NOT YET
int tansyport read(ubyte *where, int bytes)

tanof li~e c
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if ((bytes - read(file-handle ri, wherm, bytes)) < 0) fix,_dos eat bug(wherc);
return bytes;

hadif NOT YET

I Iwill notwrite to

imt tanspoft sendb(ubYte value)

IIreturn (write(file-handle-tx, &value, 1) < 0 ? NO: YES);

tanof ile. c
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IAnclude -<udio.b>

hlnclude <edit~h>
#Include I<comjmot~h>
#include <pkt-if.h>

static int port-id;

int tans~port~initO

static char mag[] = 'Enter TANS port id (RS422 corn3 or com4) >;

ushort rx size = 2048;

ushort tx size = 512;

port~id = edit_integerr(msg, 3);
if (port-id = = 0) return YES;
I* rx -size = edit-integer( 0 Enter rx size ,512); ~
/* rx-size - edit-integer(" Enter tx size ,128); C

if (comj~ort _start(port~id, rx-size, tx-size) - NO)

printf("Can't start port %d\.nm, port id);
portid = 0;
return NO;

comjyortset(portid, 9600L, COM PORTWarodd, COM PORT stop 1);

return YES;

ant tfinsportu.topO)

if (port id) comnport-stop(portid);
return YES;
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int tansyortjgetbO

return (port _id ? comj~ortjct(port id) -1);

I

return (omporrt id? cmortjidutwhere , values); YS)

#efdef NOTYET

tanupozt. a



tazwpkt2. c

#include < packet~h>
Dinclude < pktaif.hb>
Ninclude <tansj*t.h>
Dinclude <mwp~h>
Iinclude < tineshb>

IlTe orbiter-gps, packet is actually owned by orbportjprocesso.

extemn OrbMgpspket orbiterjpspacket;

static struct

Tansjpacket packet;
struct

mnt got;
double prev;
Tanspkt_21_41 pkt;,
Timegps ips;
Time utc utc;

timae;
struct { jt got; Tanspkt43 pkt; }vei;
struct { mt got; Tansykt83 pkt; )pos;

)my;

static imt
processjamcket41 (void),
process~pmcket_43(void),
process~packet_83(void),
check jackets(void);

* Returns:
* 0 Nothing available
* > 0 Packet"tp

int tansjort~prcessO)

int rc;

tanmpkt2 .
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Gotl~ all the available packets until I find something I can use.

for (rc -NO; rc NO;)

if (ta spacket recv(&my.packet) -=NO

I I my.packet.atate ! - TANS _statpacket_ok) break;

switch (my.packet.raw[11)

case 0x41: rc = proceussjacket 410; break;
case 003: rc = process~packet_430; break;
case MI8 rc = process~packet S30; break;

default: rc = NO;

if (rc) rc = checkjpackets0;

return rc;

static int checkjf Ackets(Q

*Week rollover is not handled perfectly, some data may be tossed out.

if (my.time.got && my.pos.got && my.vel~got)

if(yv{ptsl-tm ypsptsltm)m~o~o O
eleif (my.vel.pkt.sol time < my.pos.pkt.sol-time) my.pos.got = NO;

else if (my.vel.pkt.sol time < = 0.0) my. pos. got = my.vel.got = NO;
else

if (my.vel.pkt.sol -time <my.time.prev) my.time.pkt.week+ +;
my.time.prev = my.vel.pkt.sol-time;

my.time.gps.secs =my.vel.pkt.sol-time;

my. time.gps. week =my.time.pkt.week;

timejps~toutc(&my.time.gps, my.time.pkt.gpsutc_offset, &my.time.utc);

orbitergMpsacket.gpsvyector.pos, = my.pos.pkt.pos;
orbiter _gps,,packet.gps vector.vel~x = my.vel.pkt.vei.x;
orbiterjpspacket.gps_vector.vel.y = my.vel.pkt.vel.y;
orbiter~gps~packet.gps_vector.vel.z = my.vel.pkt.vel.z
orbiter_ gpsjket.gps__vector.time = my. time.utc. sacs;
my.pos-got = my-vei.got - NO;
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return orbiterjgpsWaket. header."tp PKCIýgps;

return NO;

static int process~packet 410

ant size;
Tansjpkt_21_41 "*packet;

/* ----- - --- ---------- - --

size = my.packet.cooked-size -sizeof(Tansypkt_head) -sizeof(Tansjkt,_tail);

if (size !=sizeof(Tansjpkt 214 41)) return NO;

packet =(Tansypkt 21 41 *)(mny. packet. cooked + sizeof(Tansjpkthead));

swap float(&packet- >secs_of week, &packet- > secs-of week);-.1
swap float(&packet- > gps_utc -offset, &packet- > gps utc offset);
swap sbort(&packet. > week, &packet- > week);

my.time.prev =0.0;

my.tirne.pkt * "packet;
my.time.got =YES;

return YES;

static int processjmacket 430

imt size;
Tansjpkt_43 "'packet;

size = my.packet.cooked-size -sizeof(rans~pkthead) -sizeof(1Tansypkttail);

if (size ! = sizeof(Tansjpkt_43)) return NO;

packet = (Tans~pkt 43 *)(my. packet. cooked + sizeof(Tansypkt bead));

tanspkt2 .
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swap float(&packet- > sol time, &packet- > sol -time);
swap float(&packet- >vel.x, &packet- > vel.x);
swap float(&packet-> vel.y, &packet- > vel.y);
swap float(&packet- >vel.z, &packet- > vel.z);

my.vel.pkt -*packet;
my.vel.got = YES;
return YES;

-- - = ----------------------------- == --- ---- - -- ==- = =---------------- ---

static int processpacket 830

iot size;
Tans~pkt-83 *packet;

-- --------- - --

size = my. packet. cooked-size - sizeof(Tans~pkt_head) - sizaof(Tansypkt_tail);

if (size != sizeof(Tansjpkt 83)) return NO;

pocket =(Tansjpkt_83 *)(my. packet. cooked + sizeof(Tansjpkt head));

swap float(&packet- > aol time, &packet- > sol time);
swap double(&packet-> pos. x, &packet- > pos.x);
swap double(&packet- >pos.y, &packet- > pos.y);
swap double(&packet-> pos.z, &packet- > pos.z);

my.pos.pkt -*packet;
my-pos-got = YUS;
return YES;
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Computeý_ ma trix calculates tde 'A' matrix
Input arguments are -

time = time of day in seconds past midnight
Return arguments are -

a - Ux4 matrix with tie zero elements unused;
the 1,2,&3 row/column elements are the 'A' transformation
matrix elements.

Global variables are -
epoch_-input

'compute-a-matrix' is called by 'get inertial-to-wgssý- matmix
Vcompute~amatrix' calls 'get rotation angles'

Iinclude <matb.h>
#include *rnpm50.h*
#include *iers.b"

void computeamatrix(timejdmidnight,IERS,a)
double timejdLmidnight,a[4][4]
stnict IERS-DATA *IERS;

double jd. x, y, utl-minus-utc, sin-x, cos-x, sinjy, cos~y

jd = jd midnight + timeIS6400.O ;
get rotation angles(jd LES y ulminus utc)
sinmx = sin(x) ; cos-x = cos(x) ;
sin = sin(y) ;cosj = cos(y) ;

a[l][l] = cos-x ;a[1][2] sin x~sinjy ; aI~l][3] = sin x*cosj;
a[2][1] = 0.0 ;a[2][2] cosjY ; a[2][3] = - sinj ;
a[3]1] = -sin-x ;a[3][2] cos~x~sin~y ; a[3][3] = cos x*cosJy

amatrix. c
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i*s**i*******,*******d***********************--- - **********- ******

This is the function "bgprop'.
Input arguments are -

time total - UTC time in secs from start of year
poe array of position vector in M50

pos[0] = not used
pos[(] - x (kn)
pos[2] = y (km)
pos[3] = z (kmt)

vel = array of velocity vector
vel[O] = not used
vel[l] - vx (km/s)
vel[2] = vy (km/s)
vel[3] = vz (km/s)

deltat = desired time of propogation
step = integrator step size

The following inputs are from the daily/weekly
US Naval Obsevatory Observations

solarflux = daily F1O.7 solar flux
mean solarflux = average F1O.7 for previous 162 days
geomagneticindexap = geomagnetic activity index 6.7 hours prior

to measurement

Return arguments are -
posf = array of position vector in M50

posf[O] = not used
posfil] = x (km)
posfI2] = y (kin)
posf[3] = z (kin)

velf = array of velocity vector
velf[O] = not used
velffl] = vx (km/s)
velf[2] = vy (km/a)
velf[3] = vz (km/s)

It does not return the new time. You must keep track of that from the
calling program.

#include <stdio.h>

#include <orbmechl.h>

#include "rnpm5O.h"
#include "iers.h"
#include "util.h"

static struct IERS.DATA far TERS;
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static int first time = 1;
static int my~year 1993;

void bgWropeyr(int year) { my-ye = year; }

int bgpropinitO{
FILE *in file;
int i;

* See IERS data file in iers.dat for explaination.
*/

if (first-time == 0) return 1;

if ((in file = fopen("iers.dat","r*)) = = NULL)
(

puts("ERROR: Can't find IERS.DAT");
return 0;

)

for (i0=; i< =89; i++)
{

fscanf(in_file,"%If %Ilf %If %lf\n",
&IERS.mjd[i],&IERS.x[i],&IERS.y[i],&IERS.t[i]);

)
fclose(in file);

*/

setjacchia~dataO;

fihst time = 0;
return 1;

}

static void make_rnp(double time-total, double *&ecs.of_day, EPOCHREF *epoch, RNP *m5O)
{

double days; //Total time expressed as days
double time; I Seconds in current day

RNPREFERENCE reference = ATMIDNIGHT;

bgpro•p.c
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*/

time - time total - (lougXdays timetotal/86400.0) * 86400.0;
_secsof day - time;

epoch- > time scale = GMT;
epoch- >julian date - juliandaeamy_year, 1, 1, 0, 0, 0.0) + days;
epoch- >julian date midnight - epoch- >julian date - time/86400.0;

epoch- >delta time tdt uil =
epoch->delta time tdtutil midnight = 60.9377447714656029;

computemp(&reference, epoch, m50);

"• Note:
"• Pos vec and posf vec may point to the same Vector, i.e. you can use the
"• Vector for input and output. This also holds true for vel vec/velf vec.

void bgprop(double time total, Vector *posvec,
Vector *vel vec, Perturbations *P, double deltat, double step,
Vector *posf vec, Vector *velf_vec)

{
double pos[4], vel[4], posf[4], velfl4];
double time, timef, rfin;

EPOCHREF epoch;
RNP m50;

• See IERS data file in iers.dat for explaination.

if (first-time) bgprop-inito;

//Must now be called by user tc. 6, •ze Pert. structure with Gray info.
//instantiate~gotpot(l, P);

pos[l] - posvec->x; pos[2] = posvec->y; pos[3] = posvec->z;
vel[l] - vel vec->x; vel[2] = vel vec->y; vel[3] = velvec->z;

r Time is: seconds in current day.

makernp(time total, &time, &epoch, &m50);

timef = time + delta_t; /* time after propagation *I

bgprop. c
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cowell(tiins, Poe, vol, &Apoch, &fmO, P, &.IERS, step, timef, posf, velf, &rfln);

posf vec-> x - posfil]; posfvec->y =pouf[2j; poef vec->z - posff3];
velf vec-> x - velf!1J; velf vec->y =velf[2]; velf vec->z - v.If[3];

"* This function transforms to and from M50 and WGS84 woords depending on the
" value of 'direction'. If direction = 0, svin is assumed to be in M50 and
"* svout is the same vector in WGSS4. If direction not 0, the transition is
"* from WGS84 to M30. ALL TIMES ARE ASSUMED TO BE M50 TYPE.

void m5O~wgs4_mW0State_vector %svin, State vector *svout,
int direction, State vector transform *svt, int vel-is_ecef)

double posin[4], velin[4], posout[4], velout[4], M5OtoWGS84[4][4];
double WGS&4 toM50[4][4], time;
double omega[4], omegaXrf4j;
int ij;

EPOCHREF epoch;
RNP M5O;

if (first-time) bgprop-inito;

make rnp(svin-> time, &time, &epoch, &m5O);

get inertial to~wgs84_matrix(time, epoch.julian -dafte midnigt &m50,
EARTHOMEGA, &IERS, M50_toWGS84);

if (svt != NULL)

svt-> time= svin-> time;
*((Vector *)&svt->matrix[OJ[O]) = *'((Vector *)&M50_to_WGS84[l][IJ);
"*((Vector "')&svt- > matrix[1 ][0]) = *((Vector *)&M50_to_WG584[2][1J);
"*((Vector *)&svt > matrix[2][0]) = "*((Vector *)&M5O~toWGS84[3][l]);

posin[1] = svin->pos.x;
posin[2] = svin->pos.y;
posin[3] = svin->pos.z;
velinjl] = svin->vel.x;
velin[2) = svin-> vel.y;
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velin[3] - xvin->vel~z;

if (veljis ccc)

omcga[1J - EARTH-OMEGA *MS-to-WGSSUj3][1];
omep[2J EARTH OMEGA * MSO0_to_-WGSS4[3][2J;
omap(3] - EARTH-OMEGA * M35to-WGSS4[3][3];

if (direction 0= ) /M5Oto WGS94

if (vel as cccl)

cross(omcga, posmn, omegaXr);
velin[1] -~ omegaXr(1]; velin[2] -= omegaXr[2]; velin[3] -omeg&Xr[3J;

matrixx_vector(M50_toWGS84, posin, posout);
matrix~x_vector(MSO-toWGS84, velin, velout);

else IIWGS84 to M50

matrixTranspose~x~vctor(M50_toWGS84, posin, posout);
matrixTransposex~vector(M50_toWGS84, velin, velout);
if (veljis cccl)

cross(omega, posout, omegaXr);
vclout[1] + = omegaXrf 1]; vclout[2] + = omegaXr[2J; velout[3] ) omegaXr(3];

svout- >pos. x = posout[1];
svout- >pos.y = posout[2];
svout->pos.z = posout[3];
svout->vel.x = velout[1];
wvont- > vcl.y = velout[2];
svout->vel.z = voiout[3];
wvout- > time = wvin-> time;
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This is the function 'cowell'.
Input arguments are -

time = initial time in seconds
poe array of initial position vector

pos[O] = not used
posfl] = x (km)
pos[21 = y (kin)
pos[3] = z (kn)

v.1 array of initial velocity vector
vel[0] - not used
vel[l] = vx (km/s)
vel[2] = vy (km/s)
vel[3] = vz (km/s)

step= integrator step size in seconds
timef= target time of propogation
epoch = Pointer to EPOCHREF
mSO = Pointer to MSO RNP Matrix
P = Pointer to Perturbations Structure
IERS = Pointer to IERS data file

Return arguments are -
pof = array of propogated position vector

pos[o] = not used
posf[l] = x (kin)
posfl2] = y (km)
posf[3] = z (kn)

velf - array of propogated velocity vector
veif[0] = not used
velf[l] = vx (km/s)
velf[2] = vy (km/s)
velf[3] = vz (km/s)

rfin = magnitude of position vector at destination

"Cowell' is called by 'bgprop'.
'Cowell' calls the Runge-Kutta integrator.

Anclude <stdio.h>

Anclude <orbmechl.h>
linclude "iers.h"
lmnclude Outil.h"
#lnclude "rnpmSO.h-

void cowell(double time, double pos[4], double vel[4], EPOCH REF *epoch,
RNP *m50, Perturbations *P, struct IERSDATA *IERS, double step,
double timef, double posf[4], double velf[4], double rfin(1])

{
double InitialState[8],Integrated_State[8],time-step,timenow
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This is the function 'cowell'.
Input arguments are -

time = initial time in seconds
pos - array of initial position vector

pos[O] - not used
pos[Il ] x On)
pos[ 2J = y (kin)
pos[3] - z (kin)

vel = array of initial velocity vector
vel[O] = not used
vel[l] - vx (km/s)
vel[2] = vy (km/s)
vel[3] = vz (km/s)

step = integrator step size in seconds
timef= target time of propogation
epoch = Pointer to EPOCH REF
mSO = Pointer to M50 RNP Matrix
P = Pointer to Perturbations Structure
IERS = Pointer to IERS data file

Return arguments are -
posf = array of propogated position vector

posf[O] = not used
posfil] = x (kin)
posf[2] = y (kn)
posfD3] = z (km)

velf = array of propogated velocity vector
velflO] = not used
velf[l] = vx (km/s)
velf[2] = vy (km/s)
velf[3] = vz (km/s)

rfin = magnitude of position vector at destination

"Cowell' is called by 'bgprop'.

'Cowell' calls the Runge-Kutta integrator.

#include <stdio.h>

Alnclude <orbimechl.h>
#include "iers.h"
#lnclude "util.h"
#lnclude "rnpm5O.h"

void cowell(double time, double pos[4], double vel[4], EPOCH REF *epoch,
RNP *m50, Perturbations *P, struct IERS_DATA *IERS, double step,
double timef, double posf[4], double veltl4], double rfin[l])

{
double InitialState(8],IntegratedState[8],time step,time now
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int done - FALSE;

Initial-swae[1J - poe[lJ;
InitialJSatst(2) - pos[21;
Initiai Stat*43] = pos[3];
Initial State(4] = val[I];
Initial State(SJ = vel[2];
Initial -State(6) = vel[3];
WntialState[pi = magnitude(pos);

time now = time;
time step = step ;

while(done ==FALSE)

if((time-now +time-step) > timet)

time step = timef - time-now;
done - TRUE;

RungeKutt4time-now, Initial_State, epoch- >julian date midnight,

mSO, P, JERS, time,_step, IntegratedState);

time-now = time-now + time-step; /*update time *

-tiltte~l] = IntegratedState[lJ; /*update state ~

IniiaStte2)= IntegratedState[2];
Wta_State[3] =IntegratedState[3J;
Inta-State[4] = Integrated,_State[4];

InitialState[5] = IntegratedStafteli;
Initial-State[6] = Integrated State[6];
InitWa_State[7] = IntegratedState[7];

posif 1] = Initial-State[l]; I*flnal state *
posf[2] = Intial-State[2];
posf[3] = InitialState[3];

velfill = IntialState[4];
velf[2] = InitiaLState[5];
velfT3] = Intial State[6];

rfin[O] Initial_State[7J;
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This is the Derivatives function. It is called by the integrator and
defines the first derivatives of the state vector.
Input arguments ame -

time = state vector time in seconds
xz] Wstate array consisting of the following elements -

xz[O] = not used
xzjl] = position in x (kin)
xz[2] - position in y (kn)
xz[3] = position in z (kin)
xz[4] - velocity in x (km/s)
xz45] = velocity in y (km/a)
xz[6] = velocity in z (km/s)
xz[7] = magnitude of position vector (kin)

Return arguments are-
ftS] = derivatives of input state vector elements

'Derivatives' is called by Runge-Kutta
"Derivatives' calls -

get_inertial_towgs84 matrix
matrix x vector
gotpot
matrixTansposexvector
jacchia density
magnitude

#include <stdio.b>

#include <orbmechl.h>
#include "iers.h"
#include 'rnpmSO.h"
#include "util.h"

void Derivatives(m50, P, IERS, jd midnight, time, xz, f)
double time,xz[8],f[8],jdmidnight;
Perturbations *P ;
struct IERSDATA *IERS;
RNP *m50;

double jacchiadensityo;
double density, velocity_mag, relative-velocity[4], temp
double positionjinertial[4], velocityjinertial[4], positionwgs84[4]
double g[4], g_wgs84[4], pot, dragacceleration[4] ;
double M50_toWGS84[4][4]; /* tranformation matrix */
double jd; /* julian date */

int i; /* loop counter */
int totalgravity = 1;
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for(i1 ; i <=3 ; i+ +)

position -inertial[i]=xz[iJ;
velocity ine~rtial[i] - xzi +3];
drag-acceleration[i1=0.O

pot=O.O;

IIGot Gravity Acceleration I

*Rotate Position from M50 to WGS84
*Compute Gravity Perturbations

"* Rotate gravity vector back to M50 for use in computing
"* derivatives.

get inertial to wgsg4_-matrix(time~jd~midnight,mSO,
P- >Gravity.GMD.planet-omega,IERS,M50_-to_-WGS84);

matrix-x-vector(MSO-toWGS84, posit~on inertial, position wgs&4);
gotpot(P. total gravity, position wgs84, xz[711, g_wgs84, &pot);
matrixTransposex~vector(M5Q-to)VGS84, g_wgs84, g);

IIGet Drag Acceleration I

if (P- >Dragmode ==ON)

jd = jd~midnight+time/86400;

density = jacchia-density(position -inertial, /* (kg/m'3) *
position -wgs84, xz[7], jd,
P-> Drg.solar-flux,P-> Drag. mean_solar-flux,
P- >Drag. geomagnetic index ap) * 1000.0;

relative velocity[l] = velocity inertial[l] +
position inertial[2] *
P- >Gravity.GMD.planet omega ;

relative-velocity[2] = velocity inertial[2] -
position inertial[1] *
P- >Gravity.GMD.planet omega ;

relative-velocity[3] = velocity inertial[3]

velocity-,mag =magnitude(relative velocity);
temp = -O.5*density*velocity mag*1000.O / P- >Drag~ballistic-number

for(i=l ; i<=3 ; i++)

drag__acceleration~iJ = temp * relative Velocity[i] ; /* (km/s^2) *
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IICompute Derivatives I

for(i=1 ; i<=3 ; i++)

fli] = x~i + 31
fli + 3] = gui] + drag acccleration[i];

f[7] = (xztl]*xz[4] + xz[2]*xz[5] + xz[3]*xz[6])/xz[7]

der. c
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-- ++
- COMPONENT NAME:
- GEM_9_model data

- ABSTRACT:
- This package provides the GEM 9 normalized coefficients which are
- taken from the reference. This package also provides values of the
- earth's gravitational constant, GM, earth's equatorial radius, ae,
- and the earth's rotation rate, omega.

- AUTHOR:
-- Robert G. Gottlieb

-- CREATION DATE:
-- 25 January 1989
-- C version created 25 January 1990

-- PROJECT/PROGRAM:
-- McDonnell Douglas Space Systems Company
- Engineering Services

- REFERENCES:
- These constants are given in Table 3 of "Gravity Model Improvements
- Using Geos 3 (GEM 9 and GEM 10)" by F. Lerch, S. Klosko, R. Laubscher,
- and C. Wagner, Journal of Geophysical Research, Vol. 84, NO. B8,
-- July 30, 1979.

- KEYWORDS:
- gravity model
- gravitational potential
-- gravitational acceleration
-- central force
- gravitational perturbations
- nonspherical earth

- IMPLEMENTATION DEPENDENCIES:
- none
-- ++

#include <stdio.h>
#include <math.h>
#include "util.h"

static double
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far cl[l] - (0.0),

far c2[3] = (-484. 16555,-0.00021, 2.43400),

far c3[4] = ( 0.95848, 2.02826, 0.89198, 0.70256),

far c4[5] = ( 0.54154,-0.53287, 0.35259, 0.98849,)0.19661 1,

far c5[6] = { 0.06844,-0.04910, 0.64975,-0.47030,-0.29049, 0.16123),

far c6[7] = (-0. 15121,-0.07543, 0.04813, 0.05910,-0.10458,-0.25597,
0.00188),

far c7[8] - { 0.09331, 0.26724, 0.32786, 0.23987,-0.28553, 0.01667,
-0.36330,-0.00924),

far c8[9] = (0.05095, 0.02483, 0.07315,-0.00992,-0.24624,-0.01251,
-0.07471, 0.06778,-0.12123),

far c9[10] = (0.02733, 0.16065, 0.02445,-0. 17360,-0.01134, 0.00490,
0.03737,-0. 10449, 0. 19418,-0.05810),

far cl[1l] = {0.05284, 0.08238,-0.08429,-0.02071,-0.10099,-0.06216,
-0.03888,-0.00022, 0.03989, 0. 12430, 0. 10563),

far c11112] = (-0.04862, 0.00023, 0.03947,-0.02883,-0.04503, 0.04545,
0.00256, 0.01076, 0.00878,-0.02893,-0.06709, 0.04047),

far c12[13] = { 0.03794,-0.06304, 0.00390, 0.06412,-0.07375, 0.04569,
0.00273,-0.01282,-0.02430, 0.04154, 0.00028, 0.01603,

-0.00764),

far c13[14] = { 0.04408,-0.03419, 0.02214,-0.04313,-0.02511, 0.06892,
-0.03329,-0.00490,-0.02066, 0.02678, 0.03154,-0.04459,
-0.03230,-0.06009),

far c14[15] = (-0.02111,-0.01764,-0.03632, 0.01271,-0.01831, 0.01940,
-0.00684, 0.01804,-0.04572, 0.03880, 0.05791, 0.01920,
0.00835, 0.02803,-0.05119),

far c15[16] = { 0.00136,-0.01848, 0.00864, 0.02086,-0.04391,-0.01243,
0.02539, 0.06506,-0.01726, 0.01303, 0.02896, 0.00047,

-0.03347,40.02282, 0.00392,-0.02108},

far c16[17] = (-0.00846, 0.02543,-0.00524,-0.00379, 0.03351,-0.01371,
-0.00697, 0.00412,-0.01005,-0.01885, 0.01564, 0.02186,
0.01770, 0.01223,-0.01943,-0.01320,-0.02546),

far c17[18] = { 0.01619,-0.00353,-0.00985,-0.00821, 0.00095,4).02428,
-0.00165, 0.01583, 0.01245,-0.01075, 0.01069,-0.04212,
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0.03148, 0.01471,-0.01589, 0.00159,-0.02368,-0.01299),

far clS[19] = {0.01117, 0.00227, 0.00649,-0.00006, 0.02206, 0.01637,
0.01215,-0.00308, 0.00676,-0.02487,-0.00246,-0.00447,

-0.03891,-0.01200,-0.00851,-0.05461, 0.00824, 0.01983,
0.00198),

far c19120] = { 0.00133,-0.03465, 0.00877, 0.00058,-0.00396,-0.00436,
0.00006,-0.00866, 0.00813, 0.00493,-0.01507,-0.00497,

-0.00752,-0.01235,-0.00552,-0.02 174,-0.03536, 0.02971,
0.03539, 0.00865),

far c20[21] = {0.02562, 0.00129,-0.00395,-0.01561, 0.00072, 0.00153,
-0.00620,-0.01072,-0.00306, 0.00534,-0.01150, 0.01075,
-0.00911, 0.02319, 0.01232,-0.02311,-0.01434,-0.01435,
-0.00275, 0.01586,-0.00510),

far c21[22] = {-0.00128,-0.01238, 0.01467, 0.00407, 0.00313, 0.0,
0.0, 0.0, 0.0, 0.00467,-0.00048,-0.00506,
0.00330,-0.01641, 0.01955, 0.01066, 0.00027,-0.00288,
0.01417, 0.01202),

far c22[23] = {-0.00448, 0.00094,-0.00147,-0.00149,-0.00543, 0.0,
0.0, 0.0, 0.0, 0.00507, 0.00216,-0.00501,

-0.01577,-0.03006, 0.00954, 0.02425,-0.00372,-0.00225,
0.01045,-0.01636},

far c23[24] = {-0.01837, 0.00248, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.02040,-0.00217, 0.00881, 0.01267),

far c24[25] = (-0.00190,-0.00567, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

-0.00257, 0.00610,-0.0165, 0.00487),

far c25[26] = {-0.00016, 0.01175, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

-0.00189, 0.01522,-0.02361,-0.00289),

far c26[27] = { 0.00404, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, -0.00323, 0.00688),

far c27[28] = { 0.01022, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, -0.00770, 0.02350, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, -0.01133,-0.00100),

far c28[29] = (-0.02063, 0.0, 0.0, 0.0, 0.0, 0.0,
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0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.02064,-0.00531, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.00754,.0.00861, 0.00487),

far c29[301 = (-0.00915, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, -0.01083,-0.00974, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, -0.01043),

far c3o[3] = 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, -0.01820),

*cc[3I] -

cl, cl, c2, c3, c4, c5, c6, c7, c8, c9, clO, cll, c12, c13,
c14, c65, c16, c17, c18, c19, c20, c21, c22, c23, c24, c25, c26, c27,
c28, c29, c30

------- ------------ ---- --- ----------------- *
static double

far sl[1] = {0.0},

far s2[3] - { 0.0, -0.00406,-1.39786),

far s3[4] = (0.0, 0.25244,-0.62241, 1.41140),

far s4[5] = { 0.0, -0.46512, 0.66272,-0.20316, 0.29894),

far s5[6] = { 0.0, .0.09225,-0.32488,-0.20788, 0.05037,-0.66181),

far s6[7] = { 0.0, 0.01587,-0.34854, 0.00138,-0.46086,-0.53881,
-0.24196),

far s7[8] = { 0.0, 0.09607, 0. 10505,-0.21778,-0. 12689, 0.04367,
0. 13170, 0.02663),

far s8[9] - { 0.0, 0.06327, 0.05121,-0.08830, 0.07539, 0.08245,
0.32546, 0.07712, 0. 12712),

far s9[1O] = (0.0, 0.01676,-0.02467,-0.09715, 0.01072,-0.06410,
0.21837,.0.07411,-0.01555, 0.09172),

gM99. C
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far slO[IllI - 0.0, -0. 13553,-0.00375,-0.16867,-0.06890,-0.03550,
-0.08597, 0.01616,-0.07159,-0.05053,-0.01962),

far sl1[12] = { 0.0, -0.01356,-0.09952,-0.13577,-0.06082, 0.07889,
0.03820,-0.08216, 0.02269, 0.03349,-0.00324,-0.07862),

far s12(13] = (0.0, -0.05415,-0.00931, 0.03136,-0.01663, 0.01287,
0.03705, 0.04908, 0.02380, 0.01083, 0.05133,-0.00483,

-0.01178),

far s13[14] = (0.0, 0.03644,-0.03804, 0.07611, 0.00559, 0.04607,
0.00278,-0.00121,-0.00321, 0.04194,-0.03227,-0.01686,
0.09061, 0.06977),

far s14[15] = (0.0, 0.04976, 0.04590,-0.01504, 0.00804,-0.02184,
-0.00702,-0.03207,-0.00017, 0.01116, 0.01384,-0.03660,
-0.03024, 0.04223,-0.00591),

far s15[16] = (0.0, -0.00236,-0.02976, 0.00562,-0.00720,-0.00533,
-0.04249, 0.01133, 0.02563, 0.04074, 0.01124,-0.00421,
0.01659,-0.00224,-0.02460,-0.00640),

far s16[17] = { 0.0, -0.01232, 0.01566,-0.02645, 0.01158,-0.00269,
-0.02266,-0.00553, 0.00567,-0.03781, 0.00788, 0.00936,
0.00977,-0.00750,-0.03787,-0.02607, 0.01402),

far s17[18] = (0.0, -0.02223, 0.01244, 0.00715,-0.00601, 0.00761,
-0.00974, 0.01255, 0.00300,-0.01928, 0.01173,-0.00404,
0.02126, 0.01921, 0.01083, 0.00393, 0.01308,-0.00090),

far s18[19] = (0.0, -0.00242, 0.02368,-0.00023, 0.01095, 0.01262,
-0.00964,-0.00071,-0.01226, 0.02529,-0.01030, 0.01734,
-0.02305,-0.03737,-0.00934,-0.01615, 0.01840, 0.00931,
-0.01267),

far s19[20] = { 0.0, -0.00698,-0.00714, 0.00094,-0.00992,-0.00110,
0.00323, 0.00852,-0.01796, 0.01924,-0.00637, 0.02493,
0.00613,-0.03066,-0.01273,-0.01616,-0.01328,-0.0053 1,

-0.02120,-0.00143),

far s20121] = (0.0, -0.02215, 0.00673, 0.01130,40.00797, 0.00204,
-0.00024,-0.00353,-0.00465, 0.02218,-0.00746,-0.00997,
0.02576, 0.00394,-0.01019, 0.00947,-0.00130,-0.00674,
0.02895, 0.00864,-0.00508),

far s21[22] = (0.0, 0.00749, 0.00653, 0.00381,40.00155, 0.0,
0.0, 0.0, 0.0, -0.00175, 0.00268,-0.01019,
0.02249, 0.01387, 0.01031, 0.01209,-0.00542,-0.00243,
-0.01220,-0.00849),
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far s22[23] { 0.0, 0.00554,-0.00964, 0.01117, 0.00422, 0.0,
0.0, 0.0, 0.0, -0.00136, 0.00094,-0.02392,

-0.01916, 0.00774, 0.00665, 0.00033,-0.00436,-0.00325,
-0.01016,.0.02256),

far s23[24] { 0.0, 0.00907, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.01049,-0.00165,-0.00568, 0.00258),

far s24[25] = (0.0, -0.00119, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

-0.01462,-0.00728, 0.00317,-0.00157),

far s25[26] = { 0.0, -0.00442, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.00732,-0.00880, 0.01669,-0.00148),

far s26[271 = (0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0,-0.0082Z, 9.00148),

far s27[28] = (0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, -0.01073, 0.00612, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, -0.00526,4).00332),

far s28[29] = { 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.00875,-0.01147, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, -0.00232, 0.00306, 0.00612),

fr s29[30] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, -0.00896, 0.00956, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, -0.01602),

far s30[31] = (0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, -0.03494),

*ss[31] -

sl, sl, s2, s3, 94, s5, s6, s7, s8, 99, slO, 1II, s12,
S13, s14, s.13, s16, s17, sl1, 919, s20, s21, s22, s23, s24, s25,
s26, s27, s28, s29, 930
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void gem_9_model_data(double *planet-mu, double *pban~jau,
double *planet omega, double *planct-flancening,
double 'planetj2, double *%, double *s)

mlt n~nmj_coef;,
double coef~facr;

for(n =2;n < 3 1; n+ +)

for(m = 0; m <= n; m++)

j~coef =(nn+n -4)/2 + m;
iffm = = 0)

co__coefi = sqrt( (double)(24 'n + 1) )*cc[n][0]I*.0e-6;

else

facr = factorial - atio((n-m),(n+m));
coef = sqrt( (double)(4*n + 2) *facr)*1 .Oe-6;
cojcoef] = coef * eccln][mI;
SOjcoefJ = coef * ss[nI[mI;

*planet mu = 398600.64; /* kilometers**3/sec**2 *
4 'planet radius = 637L. 139; /* kilometers */
'Planet omega =7.2921 1514646e-5; /* radians/second *

*plmnet flattening =1.0/298.257; /* no units *1
*planj2 =-C[1]; /*no units *

gq9
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This is 'get rotation angles'
Input arguments ame -

jd - julian date
Return arguments ame -

x
y
uti-minus utc

'get rotation angles' is called by 'compute_aýmatrix'
Requires the IERS.dat file containing US Naval Observatory predictions

#lnclude <const.h>
Anclude "iers.h'

void get_rotation-angles(double jd, struct JERS-DATA *IEJR5,
double *x, double *y, double *utl minus utc)

int i, iml;
double modifiedjulian date, factor;

modifladjulian date = jd - 2400000.5;

if (Qtnodifiedjulian -date < IERS- >mjd[0]) I I
(modifiedjulian date > IERS- >mjd[891))

*x=00
*y= 0.0;

*utl minus-utc = 0.0;
pnintf("JERS error: I need %6.0f, file has %6.Of to %6.Of\n",

modifiedjulian date, JERS-> mjd[0I, JERS-> mjd[89]);

else

for (i =0; i < =S9; i + +) ( if (IERS- >mjd[i] > modifiedjulian date) break;)
iml = i-I;

factor - (modifiedjulian date - IERS- >mjd~iml]) / (IERS- >mjd[iJ - IERS- >mjd[iml]);

*x= IERS->x~iml] + (IERS->x[iJ - IERS->x4imlJ) * factor;
*y= IERS->y[iml] + (IERS->y~i] - IERS->y[imlJ) * factor;

*utl minus-utc = IERS->tfimJJ + (IERS->tqiJ - IERS->tfiml]) * factor;

*x ' DEGREES I3600.0;

'= DEGREES I3600.0;

getiers. c
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Uinclude <orbmuchl.h>

void gotpot(Perturbutions *P, int totaljmrvity, double positioo[411,
double position,_nag, double g[411, double *pot)

double ri, xovr, yovr, zovr, ep;
double inuor, inuor2, reor, room, sumv;
double po(35], ptnml(38], pam2[38J, ctil[381, sti][38];
double surnh, suingam, smim, sumk, suinh n, upi, lambda;
double stungain n, sumj_ n, suink -n, mxpnm, twonmI, npupi;
double sumv-n, brnmtil, pninbnin, anintin, bnmtml;

int mini, inpi, nini, nin;
int j, k, L. im, m, n;

ri = 1.0/position ma--

xovr= psitin(1*ri
yovr = position[2J"'ri;
yovr = position[2]*ri;
epv = zovr;o[]*i
eor = P->Gravt.M;lntrdu i
reorn = P>reor; GDplnt-aiu i
muor = PGrevor GD; ~ntm~i

muor2 =muor*ri;

k =0;

L =P->Gravity.nuinber-tesseral + 2;

for (m =1; m < =L; m+ +)

pam2llm] = 0.0;
pnml[in] = 0.0;

pnm2[0] = 1.0;
pnml[0J = p
pamI[1] = 1.0;
OHM[0 = 1.0;
stiff[0] 0.0;
cti][1J xovr;
stil[l] = yovr;
smvn = (double)totWjravity;
sumh =0.0;
sumin= 0.0;
sumk =0.0;
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sumgsm - (double)tot~jravity;

for (n - 2; n < -P- >Gravity. number-zonal; n ++)
{ I~*Sum over zonals *

reoon = reorn*roor;
twonmil = (double)(2%n-l);

nml n-1;
npi (double)(n + 1);
L = ;

IIRECURSIVE COMPUTATION OF LEGENDRE POLYNOMIAL - pn[0] I
IIand first associated legendre function pn[1]
----------- - -------- -

pn[0] = (twonmI *ep*pnml[0I - (double)(njml)*pnin2[0])/(double)(n);
pn[IJ = pnm2[lJ + twonnl~pnml[0];
pn[21 = pnm2[21 + twonml"'pnml[iI;

k =k + 1;

suvn Pn[1I*P- >Gravity.-GMD.cc:[k];
sumgamn pn[l]*P->Gravity.GMD.cc[k];

if(P- >Gravity. number-tesseral > 0)
( 1/* ignore tesserals if number-teaseral =0 *

sumjn =0.0;

sumk-n 0.0;

ctil[nl = ctil(I1*ctil(nmlI - stil[I 1*stil[nml 1;
stil[nJ = stil[IJ*ctil[nml] + ctil[1]*stil[nml];

if (n < P->Gravity.number-tesseral)
lim = n;

else
lim = P->Gravity.number-tesseral;

for(m = 1; m < = rn; m + +)
{ ~/*Sumn over tesserals *

min I mn-1;
mpl = i + 1;
npmpl = (double)(n + mpl);

IIRECURSIVE COMPUTATION OF ASSOCIATED LEGENDRE I
//FUNCTIONS - pn[in + 1

gotpot.c
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pn[mpl] = pnm2(inpl] + twooml~pnzn1[mJ;
mxpnm = (doubleXn)*pn~mJ;

nm= k + mn;
bontil - P->Gravity.GMD.cc[nmJ]'ctiI[m J + P->Gravity.GM.D.ss~nm]*stiI[m I
pambam = pa[rn]bnmti;
sunva - sumv n + pnmbnm;
bnmtml =P- > ravity.GMD.ccjnm]*ctiI[mml] + P->Gravity.GM.D. ss[nm]*stil~mml 1;
anintmIi P- > Gravity. GMD.cc[nim]stil[mmIn] - P-> Gravity.GMD.ss[nm)*ctil[iflm];

sumb-n =sumh a + pn[mpl]*bnmtil;
suingama = suingaman + opinpi*pnmbnm;
surnja = sumj a + mxpnm*bnnltil;
suink-n =sumk-n-ixpnm*aamtml;

) 1~* end of sum over tesserals ~

sumnj =sumj + reorn*sumj -n;
sumk =suink + reorn*sumik-a;

IISUMS BELOW HERE HAVE VALUES WHEN M 0 i

sumv = sumv + reorn*slumv-n;
sumh = sumh + reow~sm*SJilhf;

sumgamn = sumgam + reorn*sumgamnlj;

k = k + n;

* ------
IISHIFT LEGENDRE POLYNOMIALS DOWN I

- ---------- *1

if (n < P->Gravity.numbcr-zonal)

L = n
for 0 =0; j < =L; j++)

pnrn2r] = pamiWl;
pamil0] = pnol];

) ~/*end of sum over zonais *

"*Pot =muor*sumv;

lambda = suingam + ep*sumb;
g(1] = -muor2*(1ambda*.xovr - sumj);
g[2] = -muor2*(Iambda*yovr - sumk);
g[3] = -muor2*(1arbda*zovr - sumh);

gotpot.c
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void gctjgravity daWaPerturbations *P, double *mu, double 1j2,
double *planct radius, double *planet rate,
double "flattening)

*mu =P->Gravity.GMD.planct mu;
*j- P->Gravity.GMD.planetj2;

*pjanet -radius =P->Gravity.GMD.planet radius;
*planet Irate P->Gravity.GMD.planet omega;
*fattening =P->Gravity.GMD.planet-flattening;

void instantiate gotpot(int model-name, Perturbations *P)

switch (model name)

case 1:
gem9ý_model_data(&P- > Grvity.GMD.planet-mu,

&P- > Gravity.GMD.planet-radius,
&P- > Gravity.GMD.planet omega,
&P- > Gravity.GMD. planet flattening,
&P- > Gravity.GMD.planetj-2,
&P- >Gravity.GMD.cc,
&P-> Grvity.GMD.ss);

break;
case 2:

break;

gotpot.c
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#ifudcf JERSINCLUDED
#define IERSINCLUDED

struct IERS DATA
double m.jd[90], x[90], y[90J, 4[90]

#cndif

iers.h
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This is the 'get inertial~toý_wgs84 _matrix'
Input arguments are -

time - time of day in seconds past midnight
Return arguments are -

M5O-to WGS&4 = 404 matrix with the zero elements unused;
the 1,2,&3 row/column elements are the MSO-toWGSS4
transformation matrix elements.

'get inertial towgs84-matnix' is called by 'Derivatives'
'get-inertial to wgs84,_matrix' calls -

'compute a matrix'
.'rotation-generator'
'matrix x matrix'

Iinclude <orbmechl.h>
#inciude "rnpm5O.b*
#include wiers.h*

void get _inertial to~wgs84 _niatrix(double time, double jd midnight, RNP *m50,
double planet-omega,
struct IERSDATA *IERS,
double M560_to-WGS84[4][4])

double time since,_epoch, G[4][4], MSO-to-EF[4][4], A[4][4);

time-sinceý-epoch = time; /* time in seconds since midnight UTC *
conmputeaýmatrix(timejd~midnight,IERS,A);
rotation~generator(time sinc~e epoch * planet omnega, G);

matrix -x matrix(G,m5O-)'rnp,M50O_to_EF);
matrix-x-matrix(A,MSO-to-EF,MSO-to-WGS84);

itovga84.c
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#include < math.h >
Ainclude <const.h>
#include "util.h"

#define earth-flatteningfactor (1.0 / 298.257)
#define polar-equatorial_ratio..squared pow(l.0 - earth-flattening factor,2.0)
Ndefine daysin tropicaliyear 365.2422
#define planet oblate coefficient ((earthflatteningfactor * (2.0 - earth flatteningjfactor)) / pow(l.0

- earth flattening factor,2.0))
#define beta (-37.0 * DEGREES) /* determines lag of the maximum exospheric temperature "1
#define p ( 6.0 * DEGREES) /* introduces in the temperature curve an asymmetry */
#define gamma ( 43.0 * DEGREES) /* determines the location of the of the asymmetry */
#define r 0.31 /* fixes the relative amplitude of the temperature variation */

void equatorial solarephemeris 0;

This is the call to 'set data'. It creates 'densitytable'.
Input arguments are -

void
Return arguments are -

density_table matrix defined in 'jacchia data

This segment calls 'jacchia data' in jacdat.c

static double densitytable[68][31];

void setjacchia data 0
{

jacchiadata(density _table);}

This is the function jacchia-density'
Input arguments are -

inertialposition = a vector
earthfixedjosition - a vector
radius = magnitude of position vector
at time - julian date
solar flux - FIO.7 observed at time of measurement
mean-solar flux - mean FIO.7 for previous 162 day period
geomag=eticindex..ap geomagnetic activity index 6.7 hours prior

to measurement

Return arguments are -
(double) value of atmospheric density in grams per cmA3

'jacchiadensity' is called by 'Derivatives'
"jacchia density' calls - 'equi~orial solarephemeris

'jdtoed' in util.c
'julian date' in util.c

jacata. c
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double jacchia.density(inartialpoition,earth fixejoiin

radius, at time, solar flux,mean-solar flux,
geonagnetic _index ap)

double inertial~positionfj, earth ~fixed~position[], radius, at time;
double solar fiux,mean solar flux,geomagnetic index ap;

int year, month, day, hour, minute;
int table index_1 ; /* for density table/
int table index 2 = 2; /* for density table *1
int previous table indexI ; I* for density-table *
int previous~table-index 2 ; I"' for density_ table *

double altitude-modelO, altitude, log density, dht;
double sin -theta, day raio, seconds, tau, last~day;
/* double mean -solar-flux ; 1* lO**-22 watts/ni**2/hz *
/* double solar-flux ; /* 1O**-22 wattslm**Z/hz */

double exospheric minimumm temperature / * kelvin *
double geomagnetic ad justment ; * kelvin *
double semi-annual-variation ;/* kelvin *

double sun-vector[4] ;
double sun-declination ;/* radians *
double sun right ascension ; * radians *
double sin sun right ascension, cos-sun-right ascension;

double sun-hour .angle ; /* radians *

double geodetic-latitude ; /* of inertial~jmoition (precession & nutation assumed *
1* ~to be neglible)/

double eta; 1* radians */
double sin-m-theta ; * sin "'i m (theta), where in =2.5 *

double diurnal-variation ; /* kelvin *
double exospheric temperature ;/* kelvin ~

double delta _exospheric _temperature ;/* kelvin *
double delta altitude ; /* km
double deltalog density / * accounts for *

/* seasonal- *
/* latitudinal *

I* variations *

IIcompute altitude index I

sin theta - earth ýfixedjposition[3J/radius;

j acatm. c
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altitude = radius - 6368.14 / sqrt (1.0 +
planet oblate_coefficient pow(sin_theta,2.0));

if(altitude < 10.0)
{

//will extrapolate linearly below 10 km II
II- *1

dht = 5.0;
table index I = 3;

else if(altitude < 90.0)
{

dht = 5.0;
table_index_l = (int)floor((altitude - 10.0)15.0) + 3;

)
else if(altitude < 110.0)
{

dht = 2.0;
table.index I = (int)floor((altitude - 90.0)/2.0) + 19;}

else if(altitude < 160.0)
{

dht = 5.0;
tableindex I = (int)floor((altitude - 110.0)/5.0) + 29;

}
else if(altitude < 400.0)
{
dht = 10.0;
tableindex -I = (int)floor((altitude - 160.0)/10.0) + 39;

}
else if (altitude < 1000.0)
{

dht = 20.0;
table index - = (int)floor((altitude - 400.0)/20.0) + 63;

)
else if(altitude < 1500.0)
{

dht = 50.0;
tableindex-1 = (int)floor((altitude - 1000.0)/50.0) + 93;

)
else
I

dht = 100.0;
table index I = (int)floor((altitude - 1500.0)/100.0) + 103;
if(table index 1 > 112)
{

//will extrapolate linearly above 2500 km//

J acat.. c
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table index I - 112;

previous table indexI 1- table index 1 - 1;

if(altitude > 90.0)

IIcalculate diurnal variation, equation 17, (jacchia, 1970) I

equatorial solar ephemeris (at~time, sun-vector);

sun-declination = asin (sun_vector [3]);

sun right,_ascension -atan2 (sun vector [2], sun vector [11);
sin sun right ascension = sin (sun, right~ascension);
cos_sun right ascension = cos (sun right ascenion);

sun-hour-angle - atan2
((inential~position [2] * cos sun right ascension -

inertial~position [1]) sin sun right acension),
(inertial~position [1]) cos sun ringht ascension +
inertialyposition [2] *sin sun right ascenion))

tau - sun-hour-angle +- beta + p * sin (sun hourangle, + gamma);

if(tau < -P1)

tau = tau + TWO P1;

else if(tau > PI)

tau =tau -TWOP1;

geodetic latitude - atan ((inertiai~position [3]
aqrt (pow(inertialjposition [1],2.0) +
pow(inertialjposition [2],2.0)))/

polar _equatoriaL ratio _squared);

et& - 0.5 * (geodetic -latitude - uno declination);
sin-mutheta - pow((sin (0.5 *fab (geodetic latitude +

sun declination))), 2.5);

1* equation 14, (jaccia, 1970) *
exospbeficjniniaumftenqpature

383.0 + 1.52 * man solar flux + 1.8 * solar- flux;

jacata. c
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diurnal-variation - exospheric minimum temlperature
(1.0 + r * sin m thet +
r *(pow(cos (eta),2.5) - sin m theta)

pow(cos (tau /2.0),3.O));:

iicalculate geomagnetc adjustment, equation 22, (jacchia, 1970) I

geomagnetic adjustment
geomagnetic index ap + 100.0
(1.0 - exp (-0.08 * geomagnetic index ap));

/* calculate semi-annual-variation, equation 23, (jacchia, 1970) *

jdtocd (at~time, &month, &day, &year, &hour, &minute, &seconds);
last day = julian~date(year-1, 12, 31, 0, 0, 0.0) ;
day_ ratio = (at_time - last_day) / days in tropicalyjear;

tau = day-ratio + 0. 1145 *
(pow(((I.0 + sin (TWOP1 * day-ratio + 342.3 * DEGREES))
/ 2.0),2.16) - 0.5);

semi-annual -variation = 2.41 + mean solar-flux*
(0.349 + 0.206 * sin (TWOP1 * tau + 226.5 * DEGREES))
sin (2.0 * TWO P1 * tau + 247.6 * DEGREES);

exospheric temperature = diurnal-variation +
geomagnetic adjustment + semi-annual-variation;

if(exospheric_temperature > 600.0)

if(exospheric temperature < 2000.0)

previousjtable-index-2 - (int)floor(0.02*
(exospberic-temperature - 600.0)) + 2;

delta exospheric _temperature - 0.02*
(exospheric _temperature -
densitytAble[1][previous-table-index 2;]);

else
{ /*use as 2000 (table index 2 will be 30th point in table) *

previous -table -index_-2 = 29;
deltaL exospheric temperature = 1.0;

table index 2 = previous table index 2 + 1;

log density =density table [peiu-al-ne-]prvostbeidx2
delta exospheric temperature *
(density table [previous table indexc 1][table index_2] -
density_ table [previous-table-index 1][previous table index 2]);
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delta log density = densitytable (tableindex 1J[previous table-index_2] +
delta,_exospheric temperature*
(density table [table index I][table index_2] -
densityjable (table .index I ][previous table index 21);

else

IIassume exospheric temp~erature is 600,//
IIinterplvate on altitude only I

log diensity =density_ table (previous table index 1)(2];
delta-log density = density_ table [table inidex_11[2];

I

delta-altitude = (altitude - density table [previous-table index 11(1]) /dht;

log density -log density + delta altitude *

(delta log density - log density);

iffaltitude < 300.0)
{1/* (but >= 90) */

IIequation 24, (jacchia, 1970)I

delta log density = 0.02 *(altitude - 90.0)*
exp (-0.045 * (altitude - 90.0))

(jpow(ineftialposition (3],2.0)/
dot (inertial~position,inertialjposition))*

sin (TWO P1 * (day + 99.0)/
days _in tropicaljyear);

else

delta-log diensity = 0.0;

else
I * altitude < 90 here, and there is no temperature effect *

delta-altitude - (altitude -

density table (previous-table-index 1][lJ) / dht;

log density -density table (previous table index 1112] -
delta altitude * (density table (table index 1](2] -
densitytable (previous table index_l][2]);-

deltaJog density - 0.0;
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/* altitude > 90.0 */

return pow(10.0,(og dAsity + delta logjensity));
/* (grnms/cm"3) */

"This is the function equatorialsolar_ephemeris
Input arguments are -

at-time = julian date
Return arguments are -

sunvector = normalized sun pointing vector

'equitorialsolarephemeris' is called by 'jacchia density'
equitorial solarephemeris' calls -

'jdtocd' in util.c
'julian date' in util.c

void equatorialsolar ephemeris (attime,sunvector)
double at-time, sun-vector[];

double celestial_longitude, meanjulian date
double cos declination, cos right ascension
double sindeclination, sin right ascension

double day_ratio, year, seconds ;

int whole.jyear, day, month, hour, minute;

jdtocd (attime, &month, &day, &whole_year, &hour, &minute, &seconds);
day = at time - juliandate(wholeyear, 1, 1, 0, 0, 0.0);

dayratio = day / days intropical_year;
year = wholeyear + day ratio;

meanjulian date = 2439856.0 + daysintropicalyear *
(year - 1968.0) - 2435839.0;

celestial longitude = 0.017203 * meanjulian date +
0.0335 * sin (0.017203 * meanjulian date) - 1.41;

celestial-longitude = celestial longitude - TWO_PI *
((int) (celestial-longitude / (TWOPI)));

sin-declination = sin (celestial-longitude) * sin (OBUQUITY);
coo-declination - sqrt (1.0 - pow(sindeclination,2.0));

sin right ascension = sin-declination /
(cosdeclination * tan (OBIQUITY));
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cos right ascension - cos (celestial longitude) / coo declination;

sun-vector[1 I coo declination * coo night ascension;
sun_vectorf 2] =cos-declination *sin righ~tascension;
sun vcctor[3j - sin declinaton;
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"* built by Bob Gottlieb and Mike Fraietta
"* Jan 1993

static double
far cl31] = {0.0, 0.00,

600.00, 650.00, 700.00, 750.00, 800.00,
850.00, 900.00, 950.00, 1000.00, 1050.00,
1100.00, 1150.00, 1200.00, 1250.00, 1300.00,
1350.00, 1400.00, 1450.00, 1500.00, 1550.00,
1600.00, 1650.00, 1700.00, 1750.00, 1800.00,
1850.00, 1900.00, 1950.00, 2000.00),

far c2[311 - 0.0, 10.00000,
-3.38437, -3.38437, -3.38437, -3.38437, -3.38437,
-3.38437, -3.38437, -3.38437, -3.38437, -3.38437,
-3.38437, -3.38437, -3.38437, -3.38437, -3.38437,
-3.38437, -3.38437, -3.38437, -3.38437, -3.38437,
-3.38437, -3.38437, -3.38437, -3.38437, -3.38437,
-3.38437, -3.38437, -3.38437, -3.38437),

far c3[31] (0.0, 15.00000,
-3.71287, -3.71287, -3.71287, -3.71287, -3.71287,
-3.71287, -3.71287, -3.71287, -3.71287, -3.71287,
-3.71287, -3.71287, -3.71287, -3.71287, -3.71287,
-3.71287, -3.71287, -3.71287, -3.71287, -3.71287,
-3.71287, -3.71287, -3.71287, -3.71287, -3.71287,
-3.71287, -3.71287, -3.71287, -3.71287),

far c4[311 - { 0.0, 20.00000,
-4.05530, -4.05530, -4.05530, -4.05530, -4.05530,
-4.05530, -4.05530, -4.05530, -4.05530, -4.05530,
-4.05530, -4.05530, -4.05530, -4.05530, -4.05530,
-4.05530, -4.05530, -4.05530, -4.05530, -4.05530,
4.05530, -4.05530, -4.05530, -4.05530, -4.05530,
-4.05530, -4.05530, -4.05530, -4.05530),

far cS[31] = (0.0, 25.00000,
-4.40370, -4.40370, 4.40370, 4.40370, 4.40370,
-4.40370, -4.40370, -4.40370, -4.40370, -4.40370,
-4.40370, -4.40370, -4.40370, -4.40370, -4.40370,
-4.40370, -4.40370, -4.40370, -4.40370, -4.40370,
-4.40370, -4.40370, -4.40370, -4.40370, -4.40370,
-4.40370, 4.40370, -4.40370, 4.40370),

far c6[31 = { 0.0, 30.00000,
-4.74450, -4.74450, -4.74450, -4.74450, -4.74450,
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4.74450, 4.74450, 4.74450, 4.74450, 4.74450,
4.74450, 4.74450, 4.74450, 4.74450, 4.74450,
4.74450, 4.74450, 4.74450, 4.74450, 4.74450,
4.74450, 4.74450, 4.74450, 4.74450, 4.74450,
4.74450, 4.74450, 4.74450, 4.74450),

far c7[31) - { 0.0, 35.00000,
-5.08540, -5.08540, -5.08540, -5.0840, -5.08540,
-5.08540, -5.0&W40, -5.08540, -5.08540, -5.08540,
-5.08540, -5.0&W40, -5.08540, -5.0W40, -5.08540,
-5.08540, -5.08540, -5.08540, -5.08540, -5.08540,
-5.08540, -5.08540, -5.08540, -5.0840, -5.08540,
-5.08540, -5.08540, -5.08540, -5.08540),

far c8[31] = { 0.0, 40.00000,
-5.41440, -5.41440, -5.41440, -5.41440, -5.41440,
-5.41440, -5.41440, -5.41440, -5.41440, -5.41440,
-5.41440, -5.41440, -5.41440, -5.41440, -5.41440,
-5.41440, -5.41440, -5.41440, -5.41440, -5.41440,
-5.41440, -5.41440, -5.41440, -5.41440, -5.41440,
-5.41440, -5.41440, -5.41440, -5.41440),

far c9[31] = { 0.0, 45.00000,
-5.72560, -5.72560, -5.72560, -5.72560, -5.72560,
-5.72560, -5.72560, -5.72560, -5.72560, -5.72560,
-5.72560, -5.72560, -5.72560, -5.72560, -5.72560,
-5.72560, -5.72560, -5.72560, -5.72560, -5.72560,
-5.72560, -5.72560, -5.72560, -5.72560, -5.72560,
-5.72560, -5.72560, -5.72560, -5.72560),

far cIO[31] = { 0.0, 50.00000,
-6.00990, -6.00990, -6.00990, -6.00990, -6.00990,
-6.00990, -6.00990, -6.00990, -6.00990, -6.00990,
-6.00990, -6.00990, -6.00990, -6.00990, -6.00990,
-6.00990, -6.00990, -6.00990, -6.00990, -6.00990,
-6.00990, -6.00990, -6.00990, -6.00990, -6.00990,
-6.00990, -6.00990, -6.00990, -6.00990),

far cl[31] = {0.0, 55.00000,
-6.27610, -6.27610, -6.27610, -6.27610, -6.27610,
-6.27610, -6.27610, -6.27610, -6.27610, -6.27610,
-6.27610, -6.27610, -6.27610, -6.27610, -6.27610,
-6.27610, -6.27610, -6.27610, -6.27610, -6.27610,
-6.27610, -6.27610, -6.27610, -6.27610, -6.27610,
-6.27610, -6.27610, -6.27610, -6.27610),

far c12[31] = { 0.0, 60.00000,
-6.54520, -6.54520, -6.54520, -6.54520, -6.54520,
-6.54520, -6.54520, -6.54520, -6.54520, -6.54520,
-6.54520, -6.54520, -6.54520, -6.54520, -6.54520,
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-6.54520, -6.54520, -6.54520, -6.54520, -6.54520,
-6.54520, -6.54520, -6.54520, -6.54520, -6.54520,
-6.54520, -6.54520, -6.54520, -6.54520),

far c13[311 (0.0, 65.00000,
-6.81450, -6.81450, -6.81450, -6.81450, -6.81450,
-6.81450, -6.81450, -6.81450, -6.81450, -6.81450,
-6.81450, -6.81450, -6.81450, -6.81450, -6.814.)0,
-6.81450, -6.81450, -6.81450, -6.81450, -6.81450,
-6.81450, -6.81450, -6.81450, -6.81450, -6.81450,
-6.81450, -6.81450, -6.81450, -6.81450),

far cl4131] : { 0.0, 70.00000,
-7.10550, -7.10550, -7.10550, -7.10550, -7.10550,
-7.10550, -7.10550, -7.10550, -7.10550, -7.10550,
-7.10550, -7.10550, -7.10550, -7.10550, -7.10550,
-7.10550, -7.10550, -7.10550, -7.10550, -7.10550,
-7.10550, -7.10550, -7.10550, -7.10550, -7.10550,
-7.10550, -7.10550, -7.10550, -7.10550),

far cI531] = (0.0, 75.00000,
-7.42 /60, -7.42760, -7.42760, -7.42760, -7.42760,
-7.42760, -7.42760, -7.42760, -7.42760, -7.42760,
-7.42760, -7.42760, -7.42760, -7.42760, -7.42760,
-7.42760, -7.42760, -7.42760, -7.42760, -7.42760,
-7.42760, -7.42760, -7.42760, -7.42760, -7.42760,
-7.42760, -7.42760, -7.42760, -7.42760),

far cl6[31] - 0.0, 80.00000,
-7.78070, -7.78070, -7.78070, -7.78070, -7.78070,
-7.78070, -7.78070, -7.78070, -7.78070, -7.78070,
-7.78070, -7.78070, -7.78070, -7.78070, -7.78070,
-7.78070, -7.78070, -7.78070, -7.78070, -7.78070,
-7.78070, -7.78070, -7.78070, -7.78070, -7.78070,
-7.78070, -7.78070, -7.78070, -7.78070),

far c17131] ) { 0.0, 85.00000,
-8.16990, -8.16990, -8.16990, -8.16990, -8.16990,
-8.16990, -8.16990, -8.16990, -8.16990, -8.16990,
-8.16990, -8.16990, -8.16990, -8.16990, -8.16990,
-8.16990, -8.16990, -8.16990, -8.16990, -8.16990,
-8.16990, -8.16990, -8.16990, -8.16990, -8.16990,
-8.16990, -8.16990, -8.16990, -8.16990),

far c18131] = { 0.0, 90.00000,
-8.46100, -8.46100, -8.46100, -8.46100, -8.46100,
-8.46100, -8.46100, -8.46100, -8.46100, -8.46100,
-8.46100, -8.46100, -8.46100, -8.46100, -8.46100,
-8.46100, -8.46100, -8.46100, -8.46100, -8.46100,
-8.46100, -8.46100, -8.46100, -8.46100, -8.46100,
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4.46100, 4.46100, 4.46100, 4.46100),

far c19[31] (0.0, 92.00000,
4.62000, 4.62000, 4.62000, -8.62000, -8.62000,
4.62000, 4.62000, 4.62000, 4.62000, 4.62000,
4.62000, 4.62000, -8.62000, 4.62000, -8.62000,
4.62000, -8.62000, 4.62000, 4.62000, 4.62000,
-4.62000, -8.62000, -8.62000, 4.62000, -8.62000,
-8.62000, -8.62000, -8.62000, -8.62000),

far c20(31] = { 0.0, 94.00000,
4.77900, 4.77900, -8.78000, 4.78000, -8.78000,
-8.78000, -8.78000, -8.78000, -8.78000, -8.78000,
-8.78000, 4.7800, -8.78000, -8.78000, -8.78000,
-8.7800o, -8.78000, -8.78100, -8.78100, -8.78100,
-8.78100, -8.78100, -8.78100, -8.78100, -8.78100,
-4.78100, -8.78100, -8.78100, -4.78100),

far c21[31] = { 0.0, 96.00000,
-4.93900, -8.94000, -8.94000, -8.94000, -8.94000,
-8.94100, -8.94100, -8.94100, -8.94100, 4.94100,
-8.94100, -. 94200, -8.94200, -8.94200, -8.94200,
-8.94200, 4.94200, 4.94200, -8.94200, -. 94200,
-8.94200, -8.94200, -8.94200, -8.94200, -8.94300,
-4.94300, -4.94300, -8.94300, -8.94300),

far c22[31] (0.0, 98.00000,
-9.09900, -9.10000, -9. 10000, -9.10100, -9.10100,
-9.10100, -9.10200, -9.10200, -9.10200, -9.10200,
-9.10300, -9.10300, -9.10300, -9.10300, -9.10300,
-9.10400, -9.10400, -9.10400, -9.10400, -9.10400,
-9.10400, -9.10400, -9.10400, -9.10400, -9.10500,
-9.10500, -9.10500, -9.10500, -9.10500),

far c23131) = {0.0, 100.00000,
-9.25800, -9.25900, -9.25900, -9.26000, -9.26100,
-9.26100, -9.26200, -9.26200, -9.26200, -9.26300,
-9.26300, -9.26300, -9.26400, -9.26400, -9.26400,
-9.26400, -9.26400, -9.26500, -9.26500, -9.26500,
-9.26500, -9.26500, -9.26500, -9.26500, -9.26600,
-9.26600, -9.26600, -9.26600, -9.26600),

far c24(31] = { 0.0, 102.00000,
-9.41500, -9.41600, -9.41700, -9.41800, -9.41800,
-9.41900, -9.42000, -9.42000, -9.42100, -9.42100,
-9.42100, -9.42200, -9.42200, -9.42200, -9.42300,
-9.42300, -9.42300, -9.42300, -9.42400, -9.42400,
-9.42400, -9.42400, -9.42400, -9.42400, -9.42500,
-9.42500, -9.42500, -9.42500, -9.42500),
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far c25[31] = { 0.0, 104.o00o,
-9.57000, -9.57100, -9.57200, -9.57300, -9.57400,
-9.57400, -9.57500, -9.57500, -9.57600, -9.57600,
-9.57700, -9.57700, -9.57700, -9.57800, -9.57800,
-9.57800, -9.57900, -9.57900, -9.57900, -9.57900,
-9.58000, -9.58000, -9.58000, -9.58000, -9.58000,
-9.58000, -9.58000, -9.58100, -9.58100),

far c26[31] = (0.0, 106.00000,
-9.72200, -9.72300, -9.72400, -9.72500, -9.72500,
-9.72600, -9.72600, -9.72700, -9.72700, -9.72800,
-9.72800, -9.72800, -9.72900, -9.72900, -9.72900,
-9.73000, -9.73000, -9.73000, -9.73000, -9.73000,
-9.73100, -9.73100, -9.73100, -9.73100, -9.73100,
-9.73 100, -9.73200, -9.73200, -9.73200),

far c27[31] = (0.0, 108.00000,
-9.87000, -9.87100, -9.87100, -9.87200, -9.87200,
-9.87300, -9.87300, -9.87300, -9.87400, -9.87400,
-9.87400, -9.87500, -9.87500, -9.87500, -9.87500,
-9.87600, -9.87600, -9.87600, -9.87600, -9.87600,
-9.87600, -9.87600, -9.87700, -9.87700, -9.87700,
-9.87700, -9.87700, -9.87700, -9.87700),

far c28[31] = (0.0, 110.00000,
-10.01400, -10.01400, -10.01400, -10.01400, -10.01400,
-10.01:50, -10.01500, -10.01500, -10.015o , -10.015o ,
-10.01500, -10.01500, -10.01500, -10.01500, -10.01500,
-10.01600, -10.01600, -10.01600, -10.01600, -10.01600,
-10.01600, -10.01600, -10.01600, -10.01600, -10.01600,
-10.01600, -10.01600, -10.01600, -10.01600),

far c29[31] = {0.0, 115.00000,
-10.35000, -10.34800, -10.34600, -10.34500, -10.34400,
-10.34300, -10.34200, -10.34100, -10.34000, -10.33900,
-10.33900, -10.33800, -10.33800, -10.33700, -10.33700,
-10.33600, -10.33600, -10.33600, -10.33600, -10.33500,
-10.33500, -10.33500, -10.33500, -10.33400, -10.33400,
-10.33400, -10.33400, -10.33400, -10.33300),

far c3o[311 = (0.0, 120.00000,
-10.65000, -10.64500, -10.64100, -10.63700, -10.63400,
-10.63100, -10.62800, -10.62600, -10.62400, -10.62200,
-10.62100, -10.61900, -10.61800, -10.61700, -10.61500,
-10.61400, -10.61300, -10.61300, -10.61200, -10.61100,
-10.61000, -10.61000, -10.60900, -10.60800, -10.60800,
-10.60700, -10.60700, -10.60600, -10.60600),

far c31[31] = (0.0, 125.00000,
-10.91400, -10.90500, -10.89700, -10.89100, -10.88500,
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-10.88000, -10.87600, -10.87200, -10.86800, -10.86500,
-10.86200, -10.86000, -10.85700, -10.85500, -10.85300,
-10.85100, -10.85000, -10.84800, -10.84700, -10.84600,
-10.84400, -10.84300, -10.84200, -10.84100, -10.84000,
-10.83900, -10.83800, -10.83800, -10.83700),

far c32[31J = { 0.0, 130.00000,
-11.14300, -11.13000, -11.11900, -11.10900, -11. I0100,
-11.09400, -1 1.08700, -1 1.08100, -11.07600, -11.07200,
-1 1.06800, -11.06400, -1 1.06100, -11.05800, -11.05500,
-11.05200, -11.05000, -11.04800, -11.04600, -11.04400,
-11.04200, -1 1.04100, -11.03900, -11.03800, -11.03600,
-11.03500, -11.03400, -11.03300, -11.03200),

far c33[31] = { 0.0, 135.00000,
-11.34000, -11.32400, -11.30900, -11.29700, -11.28600,
-11.27700, -11.26900, -11.26100, -11.25500, -11.24900,
-11.24400, -11.23900, -11.23500, -11.23100, -11.22800,
-1 1.22500, -11.22200, -11.21900, -11.21600, -11.21400,
-11.21200, -11.21000, -11.20800, -11.20600, -11.20500,
-11.20300, -11.20100, -11.20000, -11-.9900),

far c34[31] - (0.0, 140.00000,
-11.51300, -11.49200, -11.47500, -11.46000, -11.44700,
-11.43600, -11.42600, -1 1.41700, -11.41000, -11.40300,
-11.39700, -11.39100, -11.38600, -11.38200, -11.37800,
-11.37400, -11.37100, -11.36800, -11.36500, -11.36200,
-11.35900, -11.35700, -1 1.35500, -11.35300, -11.35100,
-11.34900, -11.34700, -11.34600, -11.34400),

far c35[31J = {0.0, 145.00000,
-11.66700, -11.64200, -11.62200, -11.60400, -11.58900,
-11.57600, -11.56400, -11.55400, -11.54600, -11.53800,
-11.53100, -11.52500, -11.51900, -11.51500, -11.51000,
-11.50600, -11.50200, -11.49900, -11.49500, -11.49200,
-11.49000, -11.48700, -11.48500, -11.48200, -11.48000,
-11.47800, -11.47600, -11.47400, -11.47200),

far c36[31] = (0.0, 150.00000,
-11.80800, -11.77900, -11.75500, -11.73400, -11.71700,
-11.70100, -11.68900, -1 1.67700, -1 1.66700, -11.65900,
-11.65100, -11.64400, -11.63800, -11.63300, -11.62800,
-11.62300, -11.61900, -11.61500, -11.61200, -11.60900,
-11.60600, -11.60300, -11.60000, -11.59800, -11.59600,
-11.59300, -1 1.59100, -11.58900, -1 1.58700),

far c37[31] - (0.0, 155.00000,
-11.94000, -11.90600, -11.87800, -11.85400, -11.83400,
-11.81700, -11.80200, -11.78900, -11.77800, -11.76800,
-11.76000, -11.75200, -11.74600, -11.74000, -11.73400,
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-11.72900, -11.72500, -11.72100, -11.71700, -11.71400,
-11.71100, -11.70800, -11.70500, -11.70200, -11.70000,
-11.69700, -11.69500, -11.69300, -11.69100),

far c38[31] = { 0.0, 160.00000,
-12.06400, -12.02500, -11.99300, -11.96600, -11.94300,
-11.92300, -11.90700, -11.89200, -11.88000, -11.86900,
-11.86000, -11.85100, -11.84400, -11.83700, -11.83100,
-11.82600, -11.82100, -11.81700, -11.81300, -11.80900,
-11.80600, -11.80300, -11.80000, -11.79700, -1 1.79500,
-11.79200, -11.79000, -1 1.78800, -I 1.78600),

far c39[31] = { 0.0, 170.00000,
-12.29600, -12.24800, -12.20700, -12.17200, -12.14300,
-12.11900, -12.09800, -12.08000, -12.06400, -12.05100,
-12.03900, -12.02900, -12.02000, -12.01200, -12.00500,
-11.99800, -11.99300, -11.98800, -11.98300, -11.97900,
-1 1.97500, -11.97200, -11.96800, -1 1.600, -1 1.96200,
-11.96000, -11.95700, -11.95500, -11.95300),

far c40[31] = {0.0, 180.00000,
-12.51200, -12.45300, -12.40400, -12.36200, -12.32700,
-12.29700, -12.27100, -12.24900, -12.23000, -12.21300,
-12.19900, -12.18600, -12.17500, -12.16600, -12.15700,
-12.14900, -12.14300, -12.13700, -12.13100, -12.12600,
-12.12200, -12.11800, -12.11400, -12.11100, -12.10800,
-12.10500, -12.10200, -12.09900, -12.09700),

far c41131] = { 0.0, 190.00000,
-12.71400, -12.64500, -12.58800, -12.53900, -12.49800,
-12.46200, -12.43100, -12.40500, -12.38200, -12.36200,
-12.34500, -12.33000, -12.31700, -12.305W0, -12.2950,
-12.28600, -12.27700, -12.27000, -12.26400, -12.25800,
-12.25300, -12.24800, -12.24400, -12.24000, -12.23600,
-12.23300, -12.23000, -12.22700, -12.22400),

far c42[31] = { 0.0, 200.00000,
-12.90400, -12.82700, -12.76200, -12.70600, -12.65800,
-12.61700, -12.58200, -12.55100, -12.52400, -12.50100,
-12.48100, -12.46300, -12.44700, -12.43300, -12.42100,
-12.41000, -12.40100, -12.39200, -12.38400, -12.37700,
-12.37100, -12.36600, -12.36100, -12.35600, -12.35200,
-12.34800, -12.34400, -12.34100, -12.33800),

far c43[31] = { 0.0, 210.00000,
-13.08500, -13.00000, -12.92700, -12.86400, -12.81100,
-12.76400, -12.72400, -12.68900, -12.65800, -12.63200,
-12.60800, -12.58700, -12.56900, -12.55300, -12.53900,
-12.52600, -12.51500, -12.50500, -12.49500, -12.48700,
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-12.480M0, -12.47300, -12.46700, -12.46200, -12.45700,
-12.45200, -12.4480, -12.44400, -12.44100),

far c44[31] - { 0.0, 220.00000,
-13.25800, -13.16400, -13.08400, -13.01500, -12.95600,
-12.90400, -12.85900, -12.82000, -12.79600, -12.7550,
-12.72900, -12.7050, -12.68400, -12.66600, -12.64900,
-12.635W0, -12.62100, -12.61000, -12.59900, -12.59000,
-12.58100, -12.57300, -12.56600, -12.56000, -12.55400,
-12.54900, -12.54400, -12.53900, -12.53500),

far c4S[31 = { 0.0, 230.00000,
-13.42200, -13.32100, -13.23400, -13.16000, -13.09500,
-13.03800, -12.98900, -12.94500, -12.90700, -12.87300,
-12.84400, -12.81700, -12.79400, -12.77300, -12.75400,
-12.73700, -12.72200, -12.70900, -12.69700, -12.68600,
-12.67600, -12.66700, -12.65900, -12.65100, -12.64400,
-12.63800, -12.63200, -12.62700, -12.62200),

far c46[311 = { 0.0, 240.00000,
-13.58100, -13.47200, -13.37900, -13.29800, -13.22800,
-13.16700, -13.11300, -13.06500, -13.02300, -12.98600,
-12.95300, -12.92400, -12.89800, -12.87500, -12.85400,
-12.83500, -12.81800, -12.80300, -12.78900, -12.77600,
-12.76500, -12.75500, -12.74500, -12.73700, -12.72900,
-12.72200, -12.71500, -12.70900, -12.70400),

far c47[31] = f 0.0, 250.00000,
-13.73300, -13.61700, -13.51800, -13.43100, -13.35600,
-13.29000, -13.23200, -13.18100, -13.13500, -13.09500,
-13.05900, -13.02700, -12.99800, -12.97200, -12.94900,
-12.92800, -12.90900, -12.89200, -12.87700, -12.86300,
-12.85000, -12.83800, -12.82800, -12.81800, -12.80900,
-12.8010, -12.79300, -12.78600, -12.78000),

far c48[31] = { 0.0, 260.00000,
-13.88100, -13.75800, -13.65200, -13.56000, -13.41000,
-13.40900, -13.34700, -13.29200, -13.24300, -13.19900,
-13.16000, -13.12600, -13.09400, -13.06600, -13.04100,
-13.01800, -12.99700, -12.9780, -12.96100, -12.94500,
-12.93100, -12.91800, -12.90600, -12.89500, -12.88500,
-12.87600, -12.86700, -12.85900, -12.85200),

far c49[31] - 0.0, 270.00000,
-14.02400, -13.89400, -13.78200, -13.68400, -13.59900,
-13.52400, -13.45800, -13.39900, -13.34700, -13.30000,
-13.25900, -13.22100, -13.18700, -13.15700, -13.12900,
-13.10400, -13.08100, -13.06000, -13.04200, -13.02400,
-13.00900, -12.99400, -12.98100, -12.96900, -12.95800,
-12.94700, -12.3800, -12.92900, -12.92000),
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far c 31 - 0.0, 280.00000,
-14.16400, -14.02600, -13.9000, -13.80500, -13.71300.
-13.63600, -13.56600, -13.50400, -13.44800, -13.39800,
-13.35300, -13.31300, -13.27700, -13.24400, -13.21400.
-13.18700, -13.16300, -13.14000, -13.12000, -13.10100,
-13.08400, -13.06800, -13.05300, -13.04000, -13.02700,
-13.01600, -13.00500, -12.99500, -12.9800),

far c5l[31] 10.0, 290.00000,
-14.30000, -14.1S500, -14.03000, -13.92200, -13.82800,
-13.74400, -13.67000, -13.60500, -13.54600, -13.49300,
-13.44600, -13.40300, -13.36400, -13.32900, -13.29700,
-13.26800, -13.24200, -13.21700, -13.19500, -13.17500,
-13.15600, -13.13900, -13.12300, -13.10800, -13.09400,
-13.08200, -13.07000, -13.05900, -13.04900),

far c52[31] - (0.0, 300.00000,
-14.43400, -14.28100, -14.15000, -14.03700, -13.93700,
-13.85000, -13.77200, -13.70300, -13.64100, -13.58500,
-13.53500, -13.49000, -13.44900, -13.41100, -13.37700,
-13.34600, -13.31800, -13.29200, -13.26800, -13.24600,
-13.22600, -13.20800, -13.19000, -13.17400, -13.16000,
-13.14600, -13.13300, -13.12100, -13.11000),

far c53[31] = { 0.0, 310.00000,
-14.56500, -14.40500, -14.26800, -14.14900, -14.04400,
-13.95300, -13.87100, -13.79900, -13.73400, -13.67500,
-13.62200, -13.57500, -13.53100, -13.49200, -13.45600,
-13.42300, -13.39300, -13.36500, -13.34000, -13.31600,
-13.29400, -13.27400, -13.25600, -13.23900, -13.22300,
-13.20800, -13.19400, -13.18100, -13.16900),

far c54[31] = (0.0, 320.00000,
-14.69400, -14.52700, -14.38300, -14.25800, -14.14900,
-14.05300, -13.96800, -13.89200, -13.82400, -13.76300,
-13.70700, -13.65700, -13.61200, -13.57000, -13.53200,
-13.49700, -13.46500, -13.43600, -13.40900, -13.38400,
-13.36100, -13.34000, -13.32000, -13.30100, -13.28400,
-13.26800, -13.25300, -13.23900, -13.22600),

far c5[311 = { 0.0, 330.00000,
-14.82100, -14.64600, -14.49600, -14.36600, -14.25200,
-14.15200, -14.06300, -13.98400, -13.91300, -13.84900,
-13.79100, -13.73800, -13.69000, -13.64700, -13.60700,
-13.57000, -13.53600, -13.50500, -13.47700, -13.45000,
-13.42600, -13.40300, -13.38200, -13.36200, -13.34400,
-13.32700, -13.31100, -13.29600, -13.28200),

far c56[31J - (0.0, 340.00000,
-14.94700, -14.76400, -14.60700, -14.47200, -14.35300,
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-14.24900, -14.15600, -14.07300, -13.99900, -13.93200,
-13.87200, -13.81700, -13.76700, -13.72100, -13.67900,
-13.64100, -13.60600, -13.57300, -13.S4300, -13.51500,
-13.48900, -13.4650, -13.44300, -13.42200, -13.40200,
-13.38400, -13.36700, -13.35100, -13.336001,

fr c57[31] = (0.0, 330.00000,
-15.07000, -14.88000, -14.71700, -14.57600, -14.45200,
-14.34400, -14.24700, -14.16100, -14.06400, -14.01500,
-13.95200, -13.89400, -13.34200, -13.7940, -13.75100,
-13.71100, -13.67300, -13.63900, -13.6080, -13.5780,
-13.55100, -13.52600, -13.502W, -13.48000, -13.46000,
-13.44000, -13.42200, -13.40300, -13.38900),

far c58[31] = (0.0, 360.00000,
-15.19200, -14.99500, -14.82600, -14.67900, -14.55000,
-14.43700, -14.33700, -14.24800, -14.16800, -14.09500,
-14.03000, -13.97000, -13.91600, -13.86600, -13.82100,
-13.77900, -13.74000, -13.70400, -13.67100, -13.64000,
-13.61200, -13.58500, -13.56000, -13.53700, -13.51600,
-13.49500, -13.47600, -13.45800, -13.44100),

far c59[311 = (0.0, 370.00000,
-15.31300, -15.10900, -14.93300, -14.78000, -14.64700,
-14.53000, -14.42600, -14.33300, -14.25000, -14.17500,
-14.10700, -14.04500, -13.98800, -13.93700, -13.88900,
-13.84600, -13.80500, -13.76800, -13.73300, -13.70100,
-13.67100, -13.64400, -13.61800, -13.59300, -13.57100,
-13.54900, -13.52900, -13.51000, -13.49200),

far c60311 = { 0.0, 380.00000,
-15.43100, -15.22100, -15.03800, -14.88000, -14.74200,
-14.62000, -14.51300, -14.41700, -14.33000, -14.25200,
-14.18200, -14.11800, -14.05900, -14.00600, -13.95700,
-13.91100, -13.86900, -13.83100, -13.79500, -13.76100,
-13.73000, -13.70100, -13.67400, -13.64800, -13.62400,
-13.60200, -13.58100, -13.56100, -13.54200),

fkr c61[31] = {0.0, 390.ooo00,
-15.54800, -15.33100, -15.14300, -14.979W0, -14.&3600,
-14.71000, -14.59900, -14.49900, -14.41000, -14.32900,
-14.25600, -14.19000, -14.12900, -14.07400, -14.02300,
-13.97600, -13.93200, -13.89200, -13.85500, -13.82000,
-13.78700, -13.75700, -13.72900, -13.70200, -13.67700,
-13.65400, -13.63200, -13.61100, -13.59200),

far c62[31] (0.0, 40.0000,
-15.6620, -15.4400, -15.24600, -15.07700, -14.92900,
-14.79900, -14.68400, -14.58100, -14.48800, -14.40500,
-14.33000, -14.26100, -14.19800, -14.14100, -14.08800,
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-14.03900, -13.99400, -13.95200, -13.91400, -13.87800,
-13.84400, -13.81300, -13.78300, -13.75300, -13.73000,
-13.7050, -13.68200, -13.66000, -13.64000),

far c63[31] { 0.0, 420.00000,
-15.88400, -15.65400, -15.44900, -15.27000, -15.11200,
-14.97400, -14.85100, -14.74100, -14.64200, -14.55300,
-14.47300, -14.40000, -14.33300, -14.27200, -14.21500,
-14.16300, -14.11500, -14.07100, -14.02900, -13.99000,
-13.95400, -13.92100, -13.88900, -13.85900, -13.83100,
-13.80500, -13.78000, -13.75700, -13.734001,

far c64[31] = { 0.0, 440.00000,
-16.09400, -15.86000, -15.64700, -15.45800, -15.29200,
-15.14500, -15.01400, -14.89700, -14.79300, -14.69800,
-14.61300, -14.53500, -14.46400, -14.39900, -14.33900,
-14.28400, -14.23300, -14.18500, -14.14100, -14.10000,
-14.06200, -14.02600, -13.99200, -13.96000, -13.93000,
-13.90200, -13.87500, -13.8500, -13.82600),

far c65[31] = { 0.0, 460.00000,
-16.29000, -16.05700, -15.83900, -15.64200, -15.46700,
-15.31200, -15.17400, -15.05100, -14.94000, -14.84000,
-14.75000, -14.66800, -14.59200, -14.52400, -14.46000,
-14.40200, -14.34700, -14.29700, -14.25000, -14.20700,
-14.16600, -14.12900, -14.09200, -14.05800, -14.02600,
-13.99600, -13.96800, -13.94100, -13.91500),

far c66[31 = { 0.0, 480.0ooo0,
-16.46800, -16.24400, -16.02400, -15.82100, -15.63900,
-15.47700, -15.33200, -15.20200, -15.08500, -14.98000,
-14.88400, -14.79700, -14.71800, -14.64500, -14.57800,
-14.51700, -14.45900, -14.40600, -14.35700, -14.31100,
-14.26800, -14.22700, -14.18900, -14.15300, -14.12000,
-14.08800, -14.05800, -14.02900, -14.00200),

"*cc[67] =
{

cl, cl, c2, c3, c4, c5, c6, c7, c8, c9, clO, cl1, c62, c13,
c14, c15, c16, 017, c18, c19, c20, c21, c22, c23, c24, c2W, c26, c27,
c28, c29, c30, c31, c32, c33, c34, c35, c36, c37, c38, c39, c40, c41,

W42, W43, o44, c45, c46, c47, o48, c49, oSO, c51, c52, c53, c54, c55,
c56, c57, c58, c59, c60, c61, c62, c63, c64, c65, c66

-I gl m gl - g -' - -~ -m -g - m m l - = -l -g m - - m - = -

void jacchiadata(double D[68](31])
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mnt i~j;

for(i0; i <-66 ;i+ +)

fof(j-0 ; j< -29 ;j++)

D[i+1](j+1] = 0440J1j.
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Thbis is the function compute f up

Dinclude <math.h>
Ninclude "rnpmS0.h*
Einclude -rnpd.h-

void compute rup (reference input, epoch-input, m:5O)
RNPREFERENCE *referencejpt
EPOCH_-REF %epoch_input;
RNP "mSO;

void precessiongeneratoro
void nutation~generatoro;
void rotation~genemraorO

/Include static data required for the rop m50 function.//
X*

double T, TI., angle _modulo 0;
double argument;
double centuries midnight fronk_1900_ utl;
double centuriesref since 1 900 tdt;
double centuries ref since_1950_trop;
double coef;
double greenwich mean siderial_timejref;
double interim-argument-;
double julian -date -midnaight tdt;
double julian date midnighut uz;
double julian daftetdt;
double julian date uti;
double mean..Angle[7J;
double seconds epoch since _midnight uti;
double t cubed;
double taquared;
double tamp;

int i;
int j;
int 1;
int m;

double outationjweocession[4J[4];
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1/Got a copy of the reference epoch and the I
/1EPOCH REF structure into the RNP structure. I

M5O- > reference, - *referencejpt
m50- > epoch =*epochinpuxt;

/1Compute the time paremeters in the TDT and UT) time scales 11

if(m5O->epoch.time scale = TDi)

julian date tdt n%50- > epoch julian date;
julian date uti mSO-> epoch.julian date

- m5O->epoch.delta-time-tdt-utl / DAY;

julian -date midnight _tdt =m50->epoch.juiian2 date midnight;
julian datemidnight uti m30->epoch.julian-date- midnight

-mSO->epoc.dehta time-tdt-uti-midnight / DAY;

else

julian-date-tdt = inO->epoch.julian-date
+ mSO- >epoch.delts-time-tdt-utl / DAY;

julian-date-uti mSO- >epoch.julian-date;

julian date midnight tdt = m50->epoch.julian date midnight
+ m50->epoch.delta time tdt uti midnight / DAY;

julian-date-midnight uti = m50->epochiJulian -date midnight;

centuries midnight row _1900 utI
(julian date midnight uti - JUUIAN..DATEJ1900)/
JUUANCENTURY;

seconds _epoch since midnight utI - (julian date uti
-julian date midnight uti) * DAY;

IICompute Greenwich mean .idereal time at midnight in seconds.//

TU = centuries-midmihfoq10-t
Lquared = TU * TU;

temp =gmstuytrelation~ddot: * TU;

m50->greenwich-mean-siderial time midnight = gmstutrelation-const
"+ gMitutrelation -dot *TU
"+ temp *,TU;

a5Ozzip.o
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IIRatio of uiderial to solar time in /
IIrevolutions per mean solar day. I

m50- > ratio siderial to-solar time - (DAY
+ (2"; temp + ginst Ut relation dot) / JULIAN-CENTURY) IDAY;

IICompute Greenwich mean sidereail time at epoch in seconds.//

m5O- >greenwich mean siderial time-
m50->greenwich mean sideria1 -time -midnight

+ (niSO- > ratio siderial to solar time
* seconds epoch since midnighbt uti);

m,50- > greenwich mean -siderial time midnight
angle-modulo ( m50-> greenwich mean -siderial-time-midnight

*' RAD-PER-SEC-T1ME )
m5O->greenwich mean siderial time =

angle-modulo ( m50->gr-eenwich mean siderialtime
*RAD PERSECTIME)

IIConvert the ratio of siderial to solar I
Itime from revolutions to radians. I

m50->ratio siderial to solar time *- TWOP1;

/Set the time since the desired reference since the M50 epoch I
iiin centuries and the reference Greenwich mean siderial time. I

if( m50- > reference ==AT-EPOCH)

centuries ref since 1900 tdt=
(julia date !1t - JUU1AN-DATEI1900)/JUUAN-CENTIJRY;

centuries- refUiMc 1950 -trap =
(julia._date-tdt - JUUAN DATE 1930)/TROPICAL CENTURY;

greenwichmwean-siderial-timejref=
m5O- > greenwich mean siderial time;

else

centuries ref since 1900 tdt=
(julia. dat midni ght tt - JUUIAN DATE) 900)

M5Ornp. c
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/JUUAkN CENTUJRY;
centuries tief since 1950 trbw

(jli.daemidnight_ tdt - JUUANDATE_1950)
ITROPICAL CENTURY;

greenwich _meansdiderial time-e
.50-> greenwich-mean siderial timeMdigt

IIEvaluate mean_" aniefom one to seven terms depending on the
IIvalue of poly index after initialzing the nieanangle array to 0./I

T -centurics-ref sincel1900tidt;

for(i - 0; i < 7; + +i)

mean angle~i] - 0.0;

t-squared -T *T;
t-cubed -t-squared * T;

for(i = 0; ;< MEANANGLE INDEX; + + i)

mean angle[i] = mean angle .cocfli][0J
+ mean angle _coeffiJ[I] * T
+ mean angle,_coefi](2] * Lsquared
+ mana angle coeffiJ[3] * (-cubed)
*ARC-SEC;

mSO->mean~obliquity - mean_angle[0];

//Compute the nutation in longitude.II

.50-> nutation in longitude - 0.0;
for(j = 0; j <mod "Jirits[0]; + +j)

IISince original ca, cb, longitudejlibýcoef, inclinationIibcPoef,//
IInode lib coef were in six character literal strings increment, I
IIcounter must be advanced by six each time through loop.

mn w j * 6;

if(j < dimension[l][0j)
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coef = adotfi] * T + a&0];

else

coef = &a];

argument =0.0;

for()- 0; 1 < =data increment[O]; + + 1)

ifQ ! 0) + +M;

interim-argument = cal m];
iffinterim argument != 0)

if( interim ~argument > = 4)

interim argument -= 7;

argument + = interim -argument *mean anglefl + I];

m50- >nutation-in longitude + = coef *sin(argument);

IICompute the nutation of obliquity. I

m50- >nutation of obliquity = 0.0;
for(j = 0; j < miode limits[l]; + +j)

//Since original ca, cb, longitude-lib-coef, inclination-lib-coef,//
IInode lib coef were in six character literal strings increment, I
IIcounter must be advanced by six each time throughi loop. I

m 6;

iNO < dimension[lJ(1])

coef = bdotojJ * T + boj];

else

coef - bojJ;

zSftny.c
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argument = 0.0;
for(l = 0; 1 < - data-increment[I]; + +1)
{.

if(I != 0) ++m;

interimargument = cb[m];
if(interim argument != 0)
{

if(interim argument > - 4)
{

interimargument -= 7;

argument + = interimargument * mean angle[l+ 1];

m5O-> nutation.of obliquity + = coef * cos(argument);

I* ....... -- - I/

II Produce the true greenwich hour angle by adding the equatioL, of II
//the equinoxes to the mean hour angle calculated previously.

m50- > nutation..ofobliquity * ARC SEC;
m5O- > true obliquity = mSO- > meanobliquity + m5O- > nutation-of obliquity;

m50- > equation_of_equinoxes = mSO- > nutationin longitude
* cos (m5O- > true obliquity);

m50->nutationinlongitude *= ARCSEC;

m5O- > greenwichappsiderial-timejref = angle-modulo (
greenwich mean siderialtime ref

+ m50->equationof equinoxes * ARCSEC);

/* .. . .. /

II Compute the following precession angles:
II I

//zeta Negative of the right ascension of the mean
// celestial pole of date (Z-MOD axis) refered
// to the mean equator and pole of interest.
// //
//theta The complement of the declination of the mean H
// celestial pole of data refered to the mean equator /
// and pole of interest.

//z The negative of the supplement of the right

MsOrnp.c
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II ascenson of the mean celestial pole of date I
II refered to the mean equator and pole of interest. I/

tsquared =centuries-ref since_1950 _trap
* centuries-ref since) 950 trop;

t-cubed =t, squared * centuries-ref since_1950_trop;

m50- > zeta =( precession coef[o] * centuries-ref since 1950 otrop
+ precession coefqi] * t~squared

+ precession coetl2j t cubed) ARC-SEC;

m50->theta = ( precession coef[3) centuries-ref since_1950_trap
"+ precession-coef[4] * t~squared
"+ precession coef[5] * tLcubed ) * ARC-SEC;

m5O- > z = ( precession _coef[6] * centuries-ref since 1950 trap
"+ precession coefl7] * t~squared

+ precession coefT8] * t cubed )*ARC-SEC;

IICalculate the precession matrix.//

precession~generator ( m50- > zeta, M5O- > theta, inO- > z, m50- > precession);

IiCalculate the nutation mat rix.//

nutation generator ( m50-> mean obliquity,
m50- > nutation~in-longitude,

m50- > true_obliquity,m50- > nutation);

IICalculate the m50_-matrix by preniultiplying the precession matrix I
/I by the nutation matrix, and then premultiplying that matrix with I
H1 the rotation matrix. I

matrix-x matrix ( iSO- >nutation,
M50S- > precession,
nutation~precession)

roation~generator ( m50->greenwich -app_siderial-time-ref,
niSO- > rotation);

matrix-x matrix ( mSO-> rotation, nutation~precesion, m5O- > rp);

=5Oz=p.c
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/* This is the function */
1* Input arguments are - "1

1" */

1* Return arguments are - *l

void precessiongeferator(zeta, theta, z, precession)

double precession[4][4];
double zeta; /* Negative of the right ascension of

/the mean celestial pole of date
//(Z-MOD axis) refered to the mean
II equator and pole of interest. *1

double theta; 1* The complement of the declination
11 of the mean celestial pole of data
//(Z-MOD axis) refered to the mean
//equator and pole of interest. */

double z; /* The negative of the supplement of
//the right ascension of the mean
//celestial pole of date (Z-MOD axis)
//refered to the mean equator and
//pole of interest. */

double ctheta_c_z;
double c theta-s-z;
double costheta;
double cosz;
double cos zeta;
double sintheta;
double sin z;
double sin zeta;

1P . .

// Compute the sines and cosines of the Z-MOD axis pole angles.//

Coszeta = Cos( zeta);
sinzeta = sin( zeta );

cos theta = cos( theta);
sintheta - sin( theta);

cos z = c~)
cosm = Cos( Z)
sin z - sin( z);

m5 OR1p. c



asornp. a

c-theta-c-z -cos theta * cos z;

c-theta-s-z - cos theta * sin z;

IICompute the precession mnatrix.//

precession[1J[1] = cos -zeta *c -theta -c -z - sin -zeta * sin -z;
precession[lJ(2] - -sin zeta. bcthtcz~__ -cos-zeta *hsiz;
precession[1][3] = - sin theta *cos-z;

precession[2][1] = cos~zeta *c-theta-s-Z+sin-Zeta * cosz;
precession[2][2) = - sin -zeta *c-thetas-sz + cos-zeta * cos-z;
precession(2](31 = - Sin-theta sin-z;

precession[3][lI = cos -zeta *sin-theta;

precession[3][2] = - sin zeta *sin theta;
precession[3][3] = co; theta;

1* This is the function *
1* Input arguments are - *

1* Return arguments are - *

void nutation generator (mean obliquity, nutation in longitude,
true-obliquity, nutation)

double mean -obliquity;
double nutation-in longitude;
double true obliquity;
double nutat-ion[4][4];

double c -true -obliq~c nut long;
double cos mean obliq;
double con nutation in long;
double cos~true -obl-iq;
double s true obliqc ~nut long;
double sin- mean-obliq;
double sin nutation in long;
double sin~true-obl-iq;-

IICompute the sines and cosines of the nutation angles. I

cos true obliq =cos(true~obliquity);

sinjtrue-obliq =sin(true-obliquity);

cos nutation in long - cos(nutation in longitude);
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sinnutationinlonS - in(nutaaoninlongitude);

cos mean -obliq =cos(man~obliquity);

sin mevan obliq sin(moapnobliquity);

cjtrueý_obiq~c nut long - cos true _obliq cos nutation in long;
aý_trueý_obliq~c nut long = sin true obliq *cos-nutation in long;

IICompute the nutation maWrX.ll

nutation(1][I] = coo nmutation-in-long;
nutation[I][2] = - coo mean obliq *sin nutation-in long;
nutation[l][3J = - sin-mean-obliq ibsin nutation_in_long;

nutation[2J[I] = cos true obliq * sin nutation in long;
nutation[2J[2] = coo mean -obliq * c true obliq~c nut long

+ sin-mean obliq * sin -true obliq;
nutation[2][3] - sin-mean-obliq * c true obliqc pnut long

- coo mean obliq * sin true obliq;

nutation[3][1J = sin-true-obliq * sin nutation-in-long;
nutation[3][2J = coosmean7 obliq * s true obliq~c nut-long

- sin -mean-obliq * coo true-obliq;
nutation[3][3] = sin mean obliq * s true obliqc ut long

+ coo-mean-obliq * coo true-obliq;

1* This is the function *
/* Input arguments are - *

I* Return arguments are - *

void Totation~generator(greenwich app siderial time,rotation)
double greenwich app siderial time, rotation[4J[4];

double cos~greenwich _appsiderial time;
double sinjreenwich app a#iderial-tim~e;

IICompute the sine anid cosine of the greewich I
HI apparent siderial time angle. H/
At *

cos_;reenwich app__siderial time =cos (greenwichappsiderial~time)
sinjgreenwich app__siderial-time= sin (greenwich app__siderial time)

IICompute the rotation matrix. I

u5Ornp.a
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rotationflJ[1] -cosjgreenwich ~app__siderialtiim;
rotafion[l1X2] - injgreawich app_.siderial-time;
rotation[lJ[3] - 0.0;

rotation[2J[1] = -sin..peenwicb app siderial time;
rotafion[2J[2] - cosjreenwich _app sideriai time;
rotation[2][3] - 0.0;

rotation[3][1] = 0.0;
rotation[3J[2] = 0.0;
rotation[3][3] = 1.0;

double angle-modulo( angle)
double angle;

int revolutions;

revolutions = (int) ( fabs angle ) 7WOP1)
if( angle > TWO Fl

return( angle - (double) revolutions * TWQ-PI)

else if( angle < 0.0)

return( angle + (double) (revolutions + I TWO P1)

else

return ( angle)

mSOrnp. c
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This is the Runge-Kutta fourth order integrator.
Input arguments are -

tz - current time in seconds
xz(8] - initial state army consisting of the following elements -

xz(O) - not used
xzj] - position in x (kom)
xz[2J - position in y (km)
xz43 - position in z (km)
xz[4] - velocity in x (km/s)
xz[5] - velocity in y (km/s)
x46] - velocity in z (km/s)
xz[7] - magnitude of position vector (kcm)

step= time step size in seconds
Return arguments are -

x[8] = final state army consisting of the same elements as xz[8]
with x[71 - rdot

Runge-Kutta is called by 'Cowell'
Runge-Kutta calls 'Derivatives'

#nclude <orbmechl.h>
Ainclude "iers.h"
#include "rnpmSO.h"

void RungeKutta4(tz, xz, jdmidnight, m50, P, IERS, step, x)
double tz; /*current time */
double xz[8]; /*initial state */
double jdmidnight; /*julian date of midnight */
double step; /*time step size */
double x[8]; /*integrated state */

Perturbations *P;
struct IERS DATA *IERS;
RNP *mS0;

int i; /*oop counter */
double fz[8];
double xl[8];
double fl[8J;
double x2[8];
double t2[8];
double x3[8];
double f3[S];
double tl, t2, t3;

DerivativesumS, P, IERS, jdmidnight, tz, xz, fz);
t1 - tz + 0.4*step ;
for(iInl ; i<-7 ; i++)
{

xl[i] = xz~i] + 0.4*step*fz[i];

zk4. c
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DerivativesmSO, P, IERS, jd_midnigbt, ti1, xl1, fl);
t2 - tz + O.6*step ;
for(i-l ; i<-7 ; i++)

x2[i] - xz*] + AWsp(0.O. l*fz~i] + O.7S'*f'I[i]);

Derivativea(mSO, P, JERS, jd,_undnight, t2, x2, f2);
t3 = tz + step;
for(i1I ; i<=n7 ; i++)

x3[i] = xz[i] + step*(19.O0sfi[i] - 15.0*fl(iJ +
40.O*i'2[i])/44.O;

Dcrivativcs(m50, P. IERS, jd midnight, B3, x3, f3);
for(i1 ; i<=7 ; i++)

x[i] xz~i] + step*(55.O*(fz[i] + f3[i]) +
125.O*(fI[i] + f2[i]))/360.O

r3k4. c



Aifndef RNPMSO DATAINCLUDED
#df in. RNPMSO DATAINCLJDED

/,

* Data for the Woolard Nutation Mode;

*/

static double a[] = {
-17.2327 ,-1.2729 0.2088,
-0.2037, 0.1261, 0.0673, -0.0497,

-0.0342 , -0.0261, 0.0214, -0.0149, 0.0124
0.0114, 0.0060, 0.0058 --0.0057 , -0.0052
0.0045, 0.0045 , -0.0044, -0.0032, 0.0028
0.0026, -0.0026, 0.0025 , -0.0021, 0.0019
0.0016 , -0.0015 , -0.0015, 0.0014, -0.0013
0.0010, -0.0010, -0.0009, -0.0007, 0.0007
0.0006, -0.0006, -0.0006, -0.0006, 0.0006,

-0.0005, -0.0005, -0.0005, -0.0005, 0.0005,
0.0004, -0.0004, -0.0004, -0.0004, 0.0004,
0.0004, -0.0004, 0.0003, -0.0003, -0.0003,
0.0003, -0.0003, -0.0003, -0.0002, -0.0002,

-0.0002, 0.0002, -0.0002, -0.0002, -0.0002,
0.0002 -0.0002);

static double adotO" = {
-0.01737 , -0.00013, 0.00002, -0.00002,
-0.00031, 0.00001, 0.00012 ,-0.00004,

0.0 ,-0.00005, 0.0 ,0.00001 ,0.0
0.0 , 0.0 , 0.0 , 0.0 , 0.0
0.0 , 0.0 , 0.0 , 0.0 , 0.0
0.0 ,0.0 ,0.0 , 0.0 ,-0.00001,
0.00001);

static double b[f = {
9.2100, 0.5522, -0.0904, 0.0884,
0.0216, 0.0183, 0.0113 , -0.0093,

-0.0066 , -0.0050 , -0.0031, 0.0030, -0.0024,
0.0023, 0.0022, 0.0014 , -0.0011 , 0.0011,
-0.0010, 0.0008, 0.0007 , -0.0007 , 0.0007 ,
0.0005, 0.0005, 0.0003 , 0.0003 , -0.0003 ,
0.0003, 0.0003, 0.0003, 0.0003, 0.0003,

-0.0003, 0.0002, 0.0002 , -0.0002 , -0.0002,
-0.0002, 0.0002);

static double bdot[l {
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0.00091, -0.00029, 0.00004, -0.00005,
-0.00006, 0.0 , -0.00001, 0.00003 );

static int cafj= {
0,0,0,0,1,0,0,0,2,5,2,
0,0,0,0,0,2,0,0,0,2,0,

2,0,0,1,0,0,0,0,1,0,0,0,0,
0,0,1,2.5,2,0,0,0,2,0,1,0,
1,0,2,0,2,0,0,6,2,5,2,0, 1,
0.0,5,0,0,0,0,2,5,1,0,6,0,
2,0,2,0,0,0,0,2.0,0,1,0,0,
0,1,0,6,0,0,0,1,0,6,0,2,2,
2,0,5,0,2,0,1,0,2,0,0,5,O.
0 ,1,0,2,0,1 ,0,0,0,2,2 2 , 0
2,0,0,0,0,0,1,0,2,5,2,0,2,
0,2,0,2,0,0,0,2,0,0,0,0,0,
2,5,0,0,6,0,2,0,1,0,0,2,0,
0,0,0,0,2,2,5,2,0,0,1,0,0,
1,0,6,0,0,2,1,0,1,0,0,5,1,
0,2,0,5,0,0,0,0,6,0,0.1,0,
6,0,2.2,1,0,1,1,0,5,0,0,0,
1,2,0,2,0,1,0,0,2,0,0,0,0,
0,2,1,0,0,6,2,0,2,0,1,0,2,
2,2,0,2,0,2,5,2,0,5,0,0,2,
1,0,0,6,2,5,1,0,0,0,0,5,1,
0,0,0, 2,2,1,0,1,0,2,5,1,0,
2,0,0,5,1,0,0,5,2,5,1,0,0,
0,0,1,0,0,0,1,0,5,0,0,1,6,
0,0,0,0,1,0,5,0,0,0,2,0,2,
0,1,0,0,1,2,5,1,0,1,0,0,6,
0,0,5,0,2,0,2,0,1,0,2.0,0,
0,1,1,0,0,0,0,1,6,2,0,2,0,
1,6,0,6,0,0,5,0,0,0,1,0,6,
0,2,5,1,0,2,0,0,0,1,0,6,6,
2,2,2,0,0,6,2,2,2,0,1,0,0,
0,2,0,1,1,2,0,2,0,3,0,2,0,
2,0};

static int cb[i - (
0,0,0,0,1,0,0,0,2,5,2,
0,0,0,0,0,2,0,0,0,2,0,

2,0,0,1,2,5,2,0,0,0,2,0,1,
0,1,0,2.0,2,0,0,6,2,5,2,0,
0,0,2,5,1,0,6,0,2,0,2,0,1,
0,0,0,1,0,6,0,0,0,1,0,5,0,
2,0,1,0,1,0,2,0,1,0,6,0,2,
2,2,0,0,0,2,2,2,0,1,0,2,5,
2,0,2,0,2,0,2,0,6,0,2,0,1,
0,0,1,0,0,1,0,0,2,2,5,2,0,
6,0,0,2,1,0,1,0,0,5,1,0,0,
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6,0,0,1,0,6,0,2,2,1,0,5 ,0
0,2,1,0,0,6,2,5,1,0,0,1,2,
0,2,0,0,0,0,2,1,0,0,6,2,0,
2,0,1,0,2,2,2,0,0,0,0,5, 1,
0,0,0,2,2,1,0,1,0,2,5,1,0,
0,5,2,5,1,0,5,0,2,0,2,0,2,
0,0,5,1,0,0,1,2,5,1,0,2,0,
2,5,2,0,2,0,2,0, 1 0);

static int dimension[2][2] - {
{ 69,40 ), /* dimensions ca & cb*/
{29, 8)); /* dimensions adot & bdo:*/

static int mode limits[2] = {
69, 40); /* Execution limits for

operation mode set to I.
Provides the appropriate
number of data points from
the ca & cb data arrays from
the nutation I mode 1

static int daftaincrement[2] = (
4,4 ; /* Provides the number of

coefficient data points to
be used in the calculation
of the two nutation angle 1

/*

* Coefficients of the polynomials for mean angles

static double meananglecoef[[7][4] = {

/*
* Coefficients for the mean obliquity of the celestial equator
* equivalent to epsilon bar (seconds of arc)
*/

{84428.26 , -46.845, -O.0059, 0.00181),
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/*
* Coefficients for the mean anomaly of the moon equivalent to
* lower case ( seconds of arc)
*/

{1065976.59 , 1717915856.79 , 33.09 , 0.0518 ,

/*

* Coefficients for the mean anomaly of the sun equivalent to

* lower case I prime ( seconds of arc)
*/

(1290513.00 , 129596579.10 , -0.54 , -0.0120 ,

/*
* Coefficients for the geocentric angular distance from the ascending
* node of the lunar orbit to the moon equivalent to F (seconds of arc)
*/

{ 40503.20 , 1739527290.54 , -11.56 , -.00012 }

/*

* Coefficients for the geocentric angular separation of the sun and moon
* equivalent to D (seconds of arc)
*/

(1262654.95 , 1602961611.18 , -5.17 , 0.0068 ,

/*

* Coeficients for the longitude of the mean ascending node of the lunar
* orbit measured in the elitic plane from the mean equinox of date
* equivalent to omega ( seconds of arc)
*/

4 933059.79 , -6962911.23 , 7.48 , 0.0080 },

/*

* Coefficients for the polynomial that produces the angular argument
* of Koziel's free libration term in longitude
*/

4 696385.257, -478333.469, 0.0 , 0.0 ));

/*

rnpd. h
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* Se the mean angle index such that the free lirbation polynomial goes
* unused.
*/

static ant MEANANGLEINDEX - (6);

'*

* Coefficients of precession polyomials
*/

static double prec.sioncoet[](
2304.951665, 0.302165, 0.0180,
2004.258258 , -0.426885 , -0.0418 ,
2304.951615 , 1.095195 , 0.01832};

/*

* Set the parameters that relate Greewich mean siderisi time
* to universal time.

static double gmstutrelationconst = { 23925.836};
static double gmstutrelation dot - { 8640184.542);
static double gmstut relation-ddot - (0.0929);

#endif /* Endif for RNPM50_DATA INCLUDED */
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built by Mike Fraietta Jan 1993

Program modified by Lee Barker

Function declarations contained in "util.h"

date mod # description
23 Feb 93 1 addition of seconds_in_dayjd time functions

24 Feb 93 2 addition of doy_utctojulian-date function

Ainclude <math.h>

Ainclude "util.h"

#define jdjan_6_1980_midnight 2444243.5 /*GPS clock start */
/*julian date */

This is the function 'julian date'
Input arguments are -

year juian calender year, ie 1993
month f month number (1-12)
day = dbyof month (1-31)
hours = hours since midnight (military time) in UTC
minutes = minutes past hour
seconds = seconds past minute

Return arguments are -
jd(double)= julian date

double juliandate(year,month,day,hours,minutes,seconds)
int year,month,day,hours,minutes
double seconds;

double jdnoon, jd;

jd noonf367.0*year -
floor(7.0*(year + floor((month+9)/12))/4.0) +
floor(275.0*month/9.0, + (double)day + 1721014.0;

jd = (double)jd noon - 0.5 +
bouns24.O +
minutes/1440.0 +
seconds/86400.0;

return jd;

util.c



This is the function 'doy utc.tojulian-date'
Input arguments are -

doy = day of year (1-365)
hours = hours since midnight (military time) in UTC
minutes = minutes past hour
seconds = seconds past minute

Return arguments are -
juliandate(double)= julian date

Year is assumed to be 1993. For different year, change year in call
to 'julian date'.

#ifdef GIGO
double $ny_utc_tojulian date(doy,hour,min,sec)
doubtz ,i :
i,. y,hour,min;

double secondssince midnight;
double julian dateofjyear;
double jd;

seconds-since midnight = 3600.0*hour + 60.0*min + sec;

julian-date of year = juliandate(1993, 1, 1, 0, 0, 0.0);

jd = juliandateof.year +
doy + secondssince midnight/86400.0;

return(jd);
)

#endif GIGO

This is the function 'magnitude'
Input arguments are -

a = 4x1 vector where the zero element is not used
and a 3x1 vector is held in the respective elements

Return arguments are -
(double) the magnitude of the vector 'a'

double magnitude(a)
double a[4]

double mag;
mag-sqrt(a[l]*a[1] +a[2]'*a[2] +a(3]*a[3]);
return (mag);

ut±1.c
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This is the function 'dot'
Input arguments are -

a - 4x1 vector where the zero element is not used
and a 3x I vector is held in the respective elements

b = 4x1 vector where the zero element is not used
and a 3x1 vector is held in the respective elements

Return arguments are -
(double) the dot product of 'a' and 'b'

double dot(a,b)
double alJ,b];

{
return (a[l]*b[l]+a[2]*b[2]+a[3]*b[3])

}

This is the function 'cross'
Input arguments are -

a - 4x 1 vector where the zero element is not used
and a 3x1 vector is held in the respective elements

b = 4xI vector where the zero element is not used
and a 3xl vector is held in the respective elements

Return arguments are -
c = 4xl vector where the zero elements are not used

and a 3x1 vector of the cross product is held in
the respective elements

void cross(a,b,c)
double aO,b[l,cl;

c[l] = a[2]*b[3] - a[3]*b[2] ;
c[2] = a[3]*b[l] - a[l]*b[3] ;
c[3] = a[l]*b[2] - a[2]*b[l] ;

"This is the function 'unit'
Input arguments are -

a = 4xI vector where the zero element is not used and
a 3xl vector is held in the respective elements

Return arguments are -
a = 4xl vector where the zero element is not used and

the normalized 3x3 matrix is held in the respective elements

void unit(a,b)
double afJ,bfl;

double a..magi

util.c
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a_magi = 1.O/sqrt(dot(a,a))
bl] - a[1]**_mag_i ;
b[2] = a[2]*amagi ;
b(3] ý= a(3]*amag i;}

This is the function factorial ratio
Input arguments are -

n,k = integers
Return arguments are -

ans(double) = the factorial ratio of n to k

double factorialratio(n,k)
int n,k;

double ans;
int istopstart;

if(n == k) return(l.O);
if (n > k)
{

start = k+l;
stop = n;

}
else
{

start = n+l;
stop k;

}
ans = (double)start;
for(i = start+ 1; i <- stop; i+ +) ans = ans*(double)i;
if(k > n) ans = - .0/ans;

return(ans);}

This is the function 'sqr'
Input arguments are -

a = (double)
Return arguments are -

(double) the square of 'a'

double sqr(a)
double a;

{
return aa;

util.c
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This is the function 'fra~c'
Input arguments are -

x - (double)
Return arguments are -

(double) the fractional pant of Yx

double frac(x)

double x;

double flooro;

return(x-(double)floor(x));

This is the function *jdtocd

void jdtocdojd,montho,dayo,yearo,houro,minuteo,secondo)
double jd ;
double *secondo
mnt *montho,*dayo,*yearo,*houro,*minuteo

double flooro,ceilO,fraco
double jdteinp,f~alpha,z,a,b,c,d,e
double day,month,year,hour,minute,second

jdtemp-jd+O.5;
f= fracajdtemp);
z=jdtemp-f ;

if(z < 2299161.0)

a=z;

else

alpha= (double)floor((z-1867216.25)/36524.25)
a=z+ 1.O+alpha-{double)floor(alphal4.O)

b=a+ 1524.0;
c=(double)floor((b-122. 1)1365.25);
d=365.25*c-frac(365.25*c);
e=(double)floor((b-d)/30.6001);

day = b-d-(30.60O1 *e-frac(3O.60O1 *e)) +f;
*dayo-floor(day);

Ut±1.c
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if (e < 13.5) month-e-1.0 ; else month-e-13.0 ;
if (month > 2.5) year-c-4716.0 ; else yearnc-4715.0;
*mootho-floor(month);
*ymro=floor(year) ;

hour= frac(day)*24.0;
minute=frac(hour)*60.O ; second-frac(minute)*60.O;
*houroin(int)floor(hour);

"*minuteo=0(in)floor(minute);
*secondo- second

if (secondo >= 60.0)

*secondo=0.0 ; *minuteo - minuteo+ 1
)

if (*minuteo >- 60)
{

*minuteo=O; *houro = *houro+1;
}

}

This is the function matrix-x-matrix
Input arguments are -

a = 4x4 matrix where the zero elements are not used
and a 3x3 matrix is held in the respective elements

b =- 4x4 matrix where the zero elements are not used
and a 3x3 matrix is held in the respective elements

Return arguments are -
c = 4x4 matrix where the zero elements are not used and

the product 3x3 matrix is held in the respective elements

void matrix_x_matrix(a,b,c)

double a[4][4],b[4][4],c[4J[4]

int i,j,k

for(i=I ; i<=3 ; i++)
for(k=l ; k<=3 ; k++)
{

e[id[k]=O.O;
for(j=1 ;j<=3 ; j++) c[i][k]=c[i][k] + a[i]Ij1*bJ][k];

This is the function matrixxvector
Input arguments are -

a = 4x4 matrix where the zero elements are not used
and a 3x3 matrix is held in the respective elements

v = array containing a 3x1 vector where the zero element

ut1 . c
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is not used
Return arguments are -

vout - array containing a 3xI vector product of 'a'
and 'Vt whore the zero element is not used

void matrix x-vector(a,v,v out)
double a[4][4],v[4],v out[4];

int ij;

for(i=I ; i<=3 ; i++)
{

v_out[i]=0.O ;
for(j= I ; j < =3 ; j+ +) v out[i] = v_out[i] + a[i][j]*vU];

}
}

This is the function matrixTransposex_vector
Input arguments are -

a = 4x4 matrix where the zero elements are not used
and a 3x3 matrix is held in the respective elements

v = array containing a 3x1 vector where the zero element
is not used

Return arguments are -
v_out = array containing a 3x1 vector product of 'a'transpose

and 'v' where the zero element is not used

void matrixTranspose_xvector(a,v,v out)
double a[4][4],v[4],v out[4]

int ij;

for(i-=I ; i<=3 ; i++)
{

vout[i]=O.O ;
for(j= I ;j<-=3 ;j++) vout[i] vout[i] + aUj][i]*vUj]

This is the function jd time
Input arguments are -

gps week_number = GPS week number starting at week 0 on 6 Jan 1980
gpecodsinweek - seconds starting Sunday morning UTC

Return arguments are -
(ad) - julian date

double jd_time( gps_week.number, gpsseconds inweek)

util.c
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double gpsweek numober ,ps secondsinweek;

double jd

id - jdjan-6 1960 midnight + 7*gps_ week_number +
gp seconds inwek/86400;

eturn Od);

This is the function 'seconds in day'
Input arguments are -

gps seconds in week - seconds starting Sunday morning UTC
Return arguments are -

(seconds) =-seconds in day since midnight

double seconds inday(gps seconds in week)
double Lf.s secondsin_ week;

double seconds;
seconds - fmnod(gps-seconds~in-week,86400);
return (seconds);

Util. c
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Uilifdef UTIL INCLUDED
Odefine UTIL INCLUDED

void jdtxoO

double julian~dateO;
double doto;
double sqrO;
double fraco;
double magnitudcO
double factorial -ratio()
double jd~timeO;
double secondsin~dayo;
double doyutctojulian-dateo;

void matrixTranspose-xvectolO;
void matrix x-vector0;
void matrix -x -natrixO;
void unito;
void Cross();
void rotation-jeneratorO;
void nutationjeaerator 0;
void procesaion~generatof0,
void mnpm5OS 0;
void instantiate..otpot0;
void gcao~model..data0;
void get gravity data0);
void get rotation angleso;
void gotpot0;
void DerivativesO;
void setmcrýtialwgs84rnatrix0;
void compute~amatrixO;
void Runge_ Kutta_40;
void cowellO;
void bgprop0;

#endif

util.h
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#include <sidich>
Dlnclude < sidiib.h >
Ninclude < conio~b>
lAnclude < uting~h>

Dinclude < ctypebh>

Ijoclude <edit~h>
Ninclude < keys.h >

#define YES I
#define NO 0

enum edit-types ( EDIT alpha, EDIT-numb, EDIT-text }

#define WORKSIZE 80

static char work[WORICSIZE+ I];

static int edit(char Nkabel, enum edit type type)

char *next = work + stflen(work);
printf( %s%s*, label, work);

for(;

imt key = keyjetO;

if (key = = KEY~esc) return NO;
if (key = = KEY~cr)

putch(key); putch(KEYIt);
return YES;

if (key ==KEY be)

if (next =-work) continue;
*(--next) 0;

continue;

edit. *c
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if (! iaucii(key)) continue;

switch (type){
case EDIT alpha:

if (!iaapba(key)) continue;
break;

case EDIT numb:
if (iadigit(key) && key I- '. && key !- '-') continue;
break;

case EDI[TTtext:
if (!isgraph(key)) continue;
break;

)
*next++ = key;

putch(key);

char *edit text(char *label, char *initial)

int size = strlen(initial);

if (size > WORKSIZE) initial[WORKSIZE] -- 0;
stm-py(work, initial);

if (edit(label, EDIT_text) = NO II work[Ol - 0) strcpy(work, initial);
return work;

I

int edit integer(char *label, int initial)
{

sprintf(work, "U", initial);

return (editlabel, EDIT-numb) = = NO I work[O] = 0 ? initial : atoi(work));
}

long edit integer long(char *label, long initial)
{

sprintf(work, '%ldi, initial);

edit.c
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return (editablml EDIT numb) -=NO I work[O] 0 ? initial :atlI(work));

edit. a
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Dinclude <utdlib.h >
Ninclude < stdio.h >
#include <conio.h>

Dinclude < edit rt.h >
#lnclude <keys.h>
Iinciude < timeshb>

int edit -fieldjet ufit(char *work, void *dma)

sprinitftwork, w%d, "'(int *)data);
return -1;

int edit -fieldjpu:int(cbar "*work, void *data)

*(int "')ata = atoi(work);
return YES;

int edit field_key itEtfelino "info, int key)

jn(dt(il-n
if ((key > - '0' && key < = '9') flkey =

edit-field insert(info, key);
return YES;

return edit-field-key-handler(info, key);

int edit -field~get~dbl(char *work, void *data)

sprintf(work, "%.121g", "'(double *)data);
return -1;

in: edit -fieldjput dbl(char *work, void *data)

*(do~uble *)dta = atof(work);
return YES;

oditflId. c
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int edit_field key dbl(Edit fieldinfo *info, int key)

if ((key > '0' && key < = 9')
i key--'-' 1I key-= '.' 1I key--'e' W key-= 'E')

edit fieldinsert(info, key);
return YES;

}
return edit_field_key_handler(info, key);

int edit field getjyesno(char *work, void *data)
(

work[O] - (*(int *)dat ? 'Y' : 'N');
work[l] = 0;
return 0;)

int edit field_put_yesno(char *work, void *data)C
*(int *)data = (work[0] = 'Y' ? YES : NO);

reurn YES;}

int editfield_key_yesno(Editfieldinfo *info, int key)
{

int x, y;

switch (key)
{

case 'Y': case 'y': case 'N': case Wn':
if (key > 'a') key -= ''-'A';
if (info->work[0] != key) info->changed = YES;
x = wherex0 - info->cursoroffset; y = wherey0;
info- > cursor offset = 0;
gotoxy(x, y); putch(info->work[0] = key); gotoxy(x. y);
return YES;

case KEY eac: return (info->changed ? 2 : 0);

default: return NO;

}}
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int edit -field_#et~dhmsI (char "*work, void "*data)

double temp -"'(double *)data + 86400.0;
return edit -fieldjet dhmsO(work, &temp);

int edit -field~put dhmsl (char *work, void *'data)

edit fleld..put dhms0(work, data);
if ((*(double *Am~ -rn 86400.0) < 0.0) "'(double *)data =0.0;

return YES;

hit edit -field g et dhms0(char *work, void "'data)
I

time-dbl -to -string((double *)data, work);
return 0;

int edit -fieldyput~dhms3(char "*work, void *'data)

Tim-Adms dbms;

work[3J work[6] = work[9] = work[121 0;
dhms.days = atoi(work);
dham.hours = atoi(work+4);
dhms.mins = atoi(work +7);
dhmns.secs = agoi(work+ 10);
dhms.msecs = atoi(work+ 13);

time -dhms to dbl(&dhms, (double *')data);
return YES;-

int edit -field keyAhms(Edit field info "'info, int key)

char "'where;
int rc, key max;

if (key > -'0' && key < -'9')

where = info- >work + ipifo- >cursor offset;

if (info-> cursor-offset - 4) key max = '2';
else if (info- >cursor offset - 7 11 info-> cursor-offset ==10) key max = '5';

edit-flId. c
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else if (info->cursoroffset = 5 && where[-l] == '2') keymax =
else key-max = '9';
if (key > keymax) return YES;

if(*where != key) info->changed = YES;

putch(*where = key);

if (info->cursoroffset == 4 && where[l] > '3')
{

info->cursoroffset+ +; where++;
putch(*where = '3');I

if (info-> cursoroffset < 15)
{

info-> cursor_offset+ +; where+ +;
if (*where == '/' II *where == ':' ii *where-= .

edit_field_keyhandler(info, KEY-right);
}
else gotoxy(wherexo - 1, whereyO);

return YES;
}

/*1

switch (key)
{

"* I can't allow backspace/delete, they have no meaning for the fixed
"* position time string.
*/

case KEY bs:
case KEY-del: return YES;

"* I don't want the default key handler mcving the cursor beyond the
"* end of the time string.
*/

case KEY end:
gotoxy(wherexo + info- > size - info- > cursoroffset - 1, whereyo);
info- > cursor offset = info-> size - 1;
return YES;

case KEY right:
if (info->cursoroffset == 15) return YES;

/-

* I have to add tn extra left/right keystroke when the cumrsr lands on a

edit-f 1d. c
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"separator charater(I)

if ((rc = edit field key handlerinfo, key)) 1 )

where =info->work + info->cursor offsiet;
if(*where = I-' I I *where - - ':7 '*where ''

edit fiold key handler(info, key);

return rc;

editf fid. c
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#lnchade <ustdlib.h >
#lnclude < stio.h >
#include <conio.h>
#include < string~h>

#include <edit-rt.h>
Ninclude < keys.hb>

static char work[SO];

static Edit-screen *prev screen;

"* I force the field to regenerate its string, then I draw the string and

"* position the cursor.

static void field-reset(Edit_field_info *info, Edit-field Mfeld, int preclear)

int first-Offset;

if (preclear && info-> size)

memset(work, ''info-> size);
gotoxy(field- > col, field- > row);
cputs(work);

first -offset = (*field- > get)(work, field- > data);
gotoxy(field- > cl, field-> row);
cputs(work);

info-> size = strlen(work);

if (first offset < 0 11I (info-> cursor offset = first-offset) > info-> size)
info- > cursor offset = info-> size;

gotoxy(field- >col + info-> cursor-offset, field-> row);

info->changed = NO;

edi t-rt. c
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void edit-screen-init(Edit screen *Screew)

int count;
Edit label *label;
Edit field field;

*Clean up the previous screen, if it's still up.

if (prey screen != NULL && prey screen- >post !=NULL)

(*prev screen-> post)(prev-screen);

*Show all labels and fields.

clrscro;
prey_screen = scren
screen->changed = NO;
if (scree-> pre: ! = NULL) (*screen-.> pre)(screen);

for (label = screen- > labels, count = screen- > label-count; count > 0; label + +,count--)

gotoxy(label- > col, label- > row);
cputs~label- > string);

for (field = screen-> fields, count = screen- >field-count; count > 0; field+ +, count--)

(*field-.> get~wo,.k, field-> data);
gotoxy(field- > col, field- > row);
cputs(work);

C onvert first field to text, save it size.

screen- >current-field. info. work = work;
field -resPt(&screen- > current field. info, screen-> current fleld.ptr =screen->flelds, NO);

*I'm called by some piece of code that wants to take over the screen.

void edit screen stopO
I

Edit-screen *scren = prey _screen;

if (screen =NULL) return;
prey screen =NULL;

edit-zrt.c
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if (screen-> current-field.info.changed)
4

Edit-field *field = screen->curret.field.ptr;

if ((*field- > putXwork, field- > data) = = NO)
field reset(&acren- > current-field.info, field, YES);

else screen->changed - YES;
}
if (screen-> post !- NULL) (*screen-> post)(screen);

* My return values are:
* 0 1 didn't use the key
* I 1used the key
* 2 I'm done

int edit screen keyhandler(Edit screen *screen, int key)
{

Edit field *field = screen- >currentfield.ptr;
Editfield *lastfield;
int rc;

* Call the field's key handler, check its return value for:
* 0 It didn't use the key, I will check the key myself
* I It used the key, I can return
* 2 1 must reset the field to original condition
"*/

re = (*field-> key)(&screen- > current-field.info, key);

if (rc > 0)
{

if (rc == 2) field reset(&screen->currentfield.info, field, YES);
return 1;}

* The field didn't use the key, I'll check the key.

last-field = screen->fields + (screwn->field count - 1);

switch (key)
{

case KEY esc: rc = 2; break;

case KEY up:
case KEY backtab:

if (--screen->currentfield.ptr < screen->fields)

edit rt.c
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screen- > current_field.ptr = last field;
rc 1;
break;

case KEY-down:
case KEY-tab:
case KEY cr:

if (+ +screen->current-field.ptr > lastmfield)
screen-> current-field.ptr - screen-> fields;

rc 1;
break;

default: return 0;

"* Check if the field was changed. I only reach this code after I've
"* picked a new field, or I'm done with this screen.
"* Then move to and reshow the new current field.
*/

if (screen-> currentfield.info.changed)
{

if ((*field- > put)(work, field-> data) = = NO)
field reset(&screen- > current-field.info, field, YES);

else screen->changed = YES;)

if(rc == 2)
{

if (screen->post != NULL) (*screen-> post)(screen);
prey screen = NULL;

I
else if (rc == I)

field reset(&screen- > current-field.info, screen-> current field.ptr, NO);

return rc;
)

/==== == === ====----== = ==

0 Didn't use the key
I Used the key
2 Used the key (reset my field)

int edit fieldkey handler(Editfield info info, int key)

int x = wherexO, y = whereyO;
char *where;

/*

edit zt.c
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C'

switch (key)
(

"* If this field was changed, thae I' use dhe key ad request the
"* field be restored to its original value. Otherwise I don't ue the
"* key, I'll let some upper key-handler use the key.
*1

case KEYesc: return (info->changed ? 2 : 0);

* Movement keys only affect the cursor location.
*1

caw KEYleft:
if (-info-> cursoroffset < 0)

info-> cursor-offset + +;
else x-;
break;

case KEYright:
if (++info->cursor_offset > info->size)

info-> cursor offset-;
else x++;
break;

case KEY home:
x -= info->cursor offset;
info-> cursor-offset = 0;
break;

case KEY end:
x += info- >size - info- > cursor offset;
info- > cursor offset - info- > size;
break;

"* Deletion keys affect content, and sometimes cursor location. The
"* backspace is turned into an equivalent delete.
*/

case KEY bs:
if (info-> cursor offset 0 0) break;
info-> cursor-offset-; x-;
gotoxy(x, y);

case KEY del:
if(info->size=,- I0 info->cursoroffset > =info->size) break;
whem = info-> work + info- >cursor offset;
memmove(where, where+ 1, info- >size - (where - info- >work));
cputs(where); putch(' ');
info->size-; info->cbanged = YES;

edit rt.c
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break;

defult: return NO;

gotoxy(x, y);
retur YES;

void edit field insert(Edit field info *info, int key)

char *where = info-> work + info- >cursor-offset;

if (info-> curinor-offset < info->size)

int x - wherexo, y - whereyo;
niemmov.(where+ 1, where, info- >size - (where - info- >work) + 1);
cputs(where);
gotoxy(x, y);

putch(%where = key);
info->size++; info-> cursor-offset+ +; info->changed =YES;

info- >work[info- >size] = 0;

edit-rt. c



* Public Domain
* Thomas J. Silva and The Telemetry Workshop, Inc.

Dinclude <dao.h>
#include <mem.b>

lnclude <emm.h>

* */

void emm_info_construct(Emminfo *this)
{

static char emm-nainel = "EMMXXXXOO ;

ubyte fr*ernm_dev;
char *name;
ushort version, frame_seg, count;

1*

* Make sure phys.pages is zero (in case I return for error). Then get
* the interrupt vectr for the EMM device driver.
* The device driver has its name at offset OxOa, so use the segment of
* the interrupt vector, but force the offset. Check the 8 byte name.
*/

memset(this, 0, sizeof(Emminfo));

emm dev = MKFP(FP SEG(getvect(EMM.INT)),OxOa);

for (name = emm name; *name && *name - *emm_dev; name+ +, emm dev+ +);
if (Name != 0) return;

* Now I know that the EMM driver exists, so go get its version number.
*/

if ((this-> last-error = .emm version(&version)) != 0) return;
if (version != EMMVER4) return;

"* Get the total number of logical pages, and the free page count. Then
"* get the page-frame segment and fill in the page segment army.
*/

if ((this->last error = _emm..pages(&this->pages total, &this- > pages free)) 0 0) return;

if ((this-> last error - emm fram- sog(&frame seg)) I 0) return;

this->phys.pages - 4;
for (count = 0; count < 4; count+ +)

em !cons. c
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this->phys.segrents[count] - frame mg + (count * EMMPAGEPARAS);
this->map_0123[count].page - this->map_0123[count].phys = count;

void emm constructnew(Emm handle *this, Emm info 'info, ushort pages)
I

this->info - info;
/*-OLD this- > pagesmapped =; -0;
this- > pages = pages;

if ((info- > last error = _emm_alloc(&this- > handle, pages)) ! = 0) this- > handle = 0;
_emmpages(&info- > pages total, &info- > pages free);

I

void emmrconstructknown(Emmhandle *this, Emm-info *info, ushort handle)
{

this-> info = info;
*---OLD this-> pages-mapped = 0; -- S/

this- > handle - handle;
if ((info- > last error = .emmmhandlej ages(handle, &this- > pages)).= 0) this- > handle = 0;

void emm_destroy(Emm handle *this)
{

/*-OLD Emm_mapped *map, *mapend; -- */

if (this-> handle == 0) return;
this-> info-> last error = _emm.free(this-> handle);
this->handle - 0;

this-> info-> pages free + = this->pages;

/*- OLD -

if (this->pages mapped == 0) return;
for (map = this->info->mapped, map end = map + 4; map < map_end; map++)

if(map->emm =- this) map->emm = NULL;
OLD -/

ýconx c



; Public Domain
Thomas 3. Silva and The Telemetry Workshop, Inc.

ideal
model large,C

codeseg

int _emm version(ushort *version)
returns EMAM return code

proc _emm-version
arg argVERS:ptr word

'nov ab,46h
imt 67h ;Get version, al =version, Ab rc
xor cx,cx
xchg cl'ah ;cx = return code
les bx,farg VERS]
inov (es:bx],ax ;ax = version
'nov ax,cx
ret

endp

int -emmjpages(ushort *total, usbort *free)
returns EMM return code

proc _emm~pages
arg argTOTAL.-ptr word, arg_]FREE:ptr word

'nov ah,42h
mnt 67h ;Get logical page count, dx total, bx free
'nov cx,bx
les bx,[argTOTAL]
'nov [es:bx],dx ;dx = total
les bx,[argFREE]
'nov [es:bx],cx ;cx = free
'nov allab
Xor ah,ah
ret

endp

lowa. easm



ant _sum fae segushort %seg)
returns EM4M return code

proc eamm-frane-0eg
erg ergSE:ptr word

mov ah,41h
imt 67h ;Get page frame segment, bx =segment

may cx,bx
les bx,[ergSEG]
mov (es-bx],cx ;cx segment
mov allah
xor ah,ab
yet

endp

int _ emm alloc(ushort *handle, ushort pages)
returns EMM return code

proc _emm-alloc
erg arL HANDLE:ptr word, erg PAGES:worct

mov bx,[argPAGES] ;bx =pages needed
mnov ah,43h
imt 67h ;Allocate new handle, dx =handle

les bx,[arg_ HANDLE]
Mov (es:bx],dx ;dx =handle

Mov al,ah
xor ah,ah
ret

endp

int. _emm realloc(ushort handle, ushort pages)
returns EMAM return Code

proc -emm-realloc
erg erg HANDLE:word, ergPAGES:word

mov bx,[arg_ PAGES] ;bx = pages needed
mov dx,[arg HANDLE] ;dx - handle
MOV ah,S1h
int 67h ;Resize the handle
rnov Allah
xor ah,ah

wmlowa. aum



ret

endp

int _emm free(ushort handle)
returns 6MM return code

proc enmfree
arg argHANDLE:word

mov dxja,(a HANDLE] ;dx =handle

Mov ah,4Sh
int 67h ;Free the handle
MOV al,ab
xor ah,ah
ret

endp

int _.enm_handlej~ages(ushort handle, ushort *pages)
returns EMM return code

proc _einm_handley~ages
arg arg HANDLE:word, argPAGES:ptr word

mov dx,[arg_HANDLE] ;dx =handle

mov ah,4ch
int 67h ;Get handle's page count, bx =pages

mov dx,bx
les bx,[arg PAGES]
Mov [es:bx],dx ,dx =pages

mov al,ah
xor ah,ah
ret

endp

mnt _emmmxap(ushort physMae, ushort handle, ushort page)
returns EMM return code

proc -emnimmap
arg argPHYS:word, argjHANDLE:word, arg_PAGE:word

mov ax,[argPHYS] ;al physical page number
mov dx,[arg HANDLE] ;dx =handle

moy bx,[argPAGE] ;bx =page number
mov ah,44h

lm3ova. azz



int 67h ;Map one page
may ailah
xor ah,ah
rot

int emrn mtap multiQnt pitys type, ushort handle, ushort count, Emm-map *maps)
returns EMM return code

proc _emm map_mulIti uses si ds
arg argTYPE:word, argHANDLE:word, argCNT:word, argMAPS:ptr word

mov ax,[arg TYPE] Wa type of map structure
may dx,[argHANDLE] ;dx =handle

mov cx,[argCNT] cx page count
Ids si,(argMAPSJ ;ds:si -> mapping structures
may ah,50h
int 67h ;Map multiple pages
mov al,ah
xor ah,ah
ret

endp

int _emm-name get(ushort handle, char *'name)
returns EMM return code

proc _emmk_name~get uses di
arg argHANDLE:word, arg_,NAME:ptr byte

mov dx,[arg__HANDLE] ;dx =handle

les di,[arg_,NAME] ;es:di -> name area
mov ax,ds
mov es,ax
mov ax,5300h
mnt 67h ;Get name of handle
mov al'ab
xor ah'ah
ret

endp

int emm-name-set(uahort handle, char *name)
returns EMM return code

proc _emm-name set uses si ds

ýlova. aum



Imm lowa. atom

arg argHANDLE:word, #rgNAME:ptr byte

mov dx,[argHANDLE] ;dx --- handle
Ids si,[#rgNAM• ;ds:si - > name string
mov ax,5301 h
int 67h ;Set name of handle
mov Itah
xor ahah
let

endp

; int emm namefmd(ushort *handle, char *name)
; returns E•IM return code

proc _emmnanmfmd uses si ds
arg arg HANDLE:ptr word, argNAME:ptr byte

Ids si,[argNAME] ;ds:si - > name string
mov ax,5401h
int 67h ;Find handle by name, dx = handle
les bx,[argHANDLE]
mov [es:bx],dx ;dx = handle
mov alah
xor ahah
ret

endp

public _cramversion, emmpages, _emm frameseg, _emm alloc, _emmrealloc
public _emmfree, _emmhandlepages, _emm map, _emmn•pmulti, _emmnameget
public _cramnameset, _emmnamefind
end

SIowa. asm
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*Public Domain
* Thomas J. Silva and The Telemetry Workshop, Inc.

#include <enxn.h>

int emm map(Emm_handle *,this, ushort phys~page, ushort page)

Emrn info *,info =this-> info;

if (pbys~page > =info- > phys.pages) return info- > last error = x~b;

if ((info- > last-error = _emm-map(physj~age, this- > handle, page)) ==0)

/*--- OLD --
if (info-> mapped[phys~page].ernm ! = NULL)

info- > mapped[physjpage]. emm- > pages mapped--;

info-> mapped[physjpage].emm = this;
info-> niapped[physj~ageJ.page = page;
this-> pagesmiapped + +;

OLD *

return info-> last-error;

inlMajp. C
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* Public Domain
* Thomas J. Silva and The Telemetry Workshop, Inc.

Ainclude <emm.h>

int emm mapmulti(Emm_-hadle *this, int type, ushort count, Emm_map *maps)
{

Emm map *map, *mapend = maps + count;
Emm info *info = this->info;
ushort phys.age;
/*-OLD Emm_nmapped *mapped; --*/

*/

for (map = maps; map < map end; map+ +)
{

if (map- > page > = this- > pages) return info- > last error = 0xSa;

phys.page = (type = = EMM_physsegment
? (map->phys - info-> phys.segments[O]) / EMMPAGEPARAS
: map- > phys);

if (phys.page > = info-> phys.pages) return info-> lasterror = Ox8b;

/*--- OLD --

mapped = info->mapped + physpage;
if (mapped- > emm.--= NULL)
{

mapped- > emm- > pagesmapped-;
mapped->emm = NULL;

}
OLD */

*/

info-> lasterror = _emmmap multi(type, this-> handle, count, maps);
if (info-> last-error = = 0)
{

/* OLD -
for (map = maps; map < mapend; map++)
{

mapped = info-> mapped
+ (type = = EMM.physsegment

? (map->phys - info-> phys.segments[0]) / EMMPAGEPARAS

4ý_ maps. c
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map- > phys);

mapped->emm = this;
mapped->page = map->page;
this- > pmgesmappld+ +;

L OLD

return info-> last_rror;

emmaopm. c



key_get. as

ideal
model large,C

keyhito

proc key-hit
mov ah,llh
int 16h
jnz hit it ;if ZR don't got
xor ax,ax ;return 0
ret
hit it: ;else ... got one
or ax,ax
jnz hit ok ;if it has 0 value
mov al,3 ;make it 3 (control-C)
hit ok:
ret

endp

keygetO

proc keyget
mov ah, 10h
int 16h
or alal
jnz not-special ;if low byte 0
mov al, 1
xchg ah,al ;high is special code, move to low byte
ret
not_special:
js got extend ;else if normal ascii
mov ah,O ;clear high byte (scan code)
ret
gotextend: ;else if extended key
mov al, 1 ;clear low byte (OOeO)
xchg ah,al
ret

endp

keyget.asm
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proc key flag
may ah,12h
mnt 16h
rot

endp,

public key_hit, key~get, key_ flags
end

key get.asm
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ideal
model larVeC

codeseg
bios~seg dw 40h
BIOS KEYI - 17h
BIOS KEY2 = Igh
KEY2_PAUSE = O8h

label old_09 dword
old 09 off dw 0
old 09seg dw 0

proc kybd~my_09
pushf
call [cs:old_09]
cli
push ds
mov ds,[cs:bios -seg]l
and (BIOS_-KEY2J,not KEY2_PAUSE
pop ds
iret

eodp

proc kybd -start
Push ds
mov ax,3509h
mnt 21h ;Set and save current int-09 handler
may [cs:old O9-offJ,bx
mov [cscoldopýsegj,cs
Sniov ds,ax,cs
Mov dx,offset _kybd my_09 ;install myOp9 as int-09 handler
mov ax,2309b
mnt 211
POP ds
ret

endp

proc kybd stop
push ds

key_izit9.ainm
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ids dx,[cs: aid 09J
may ax,2509 ;rustor old handler
int 21h
POP ds
fet

endp

public kiybd~my099, kybd stait, lcybd sOV
end

key_±nt9.aum



ideal
model IargeC

codese

void swap double(void *to, void *from)

proc SWAP-double uses si ds

arg arg TO:ptr word, argFROM:ptr word

Ids si,[arsFROM]
MOV ax,[si]
mov bx,[si+2J
mov cx,[si+4J
mov dx,[ui+6]
X 00g al,dh
xcnhgs sh,di
X hg bI,ch
xcbg bh,cI

Ids si,[arg TO]
mov [aij,ax
mov [si+2],bx
Mov [si+4],cx
Mov [si+6],dx

ret
endp

double swsp double _out(void *from)

proc swap double out
arg argFROM:ptr word
local temp:qword

lea bx, temp]
call swap double, bx, sin, [arg_]PROM]
fid [tempi

swap_d.asm



rot
endp

public swap double, sap~double...Out
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model largcC

codeseg

void swap float(void *to, void *from)

proc swap float uses si ds

arg arg_TO:ptr word, arg_FROM:ptr word

Ids si,[argFROM]
mov ax,[si]
mov dx,[si+2]
xchg al,dh
xchg ah,dl

Ids Si,[ar8_TO]
mov [sij,ax
moy [si+2],dx

ret
endp

float swap float out(void *from)

proc swap float-out
arg arg_]FROM:ptr word
local temap:dword

lca bx,[tcmp]
call swap_float, bx, ss, [argFROM]
fid [temp]

ret
endp

public swap float, swap_ float out
end

swalp-f. aui



ideal
nmodel iarge,C

codeseg

void swap short(void 'to, void *from)

proc swap_ short
arg arg__TO:ptr word, argFROM:ptr word

Its bx,(arg FROM]
mov ax,[es:bx]
xchg aI,ah

les bx,[arg TO]
mov [es:bx],ax
ret

endp

ushort swap shiort,_out(void *ftom)

proc swap shoit out
arg arg FROM:ptr word

Ies bx,[arg FROM]
inov ax,[cs:bxj
xchg aI,ah

ret
endp

public swap short, swap short-out
end

swap_u.asm
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; Public Domain
Thomas J. Silva and Bruce G. Jackson & Associates, Inc.

ideal
model Iarge,C

datae
secs.peday dd 86400
secspermin dw 60
one thousand dw 1000

tempword dw 0

codeseg

void timedblto dhms(double far*time, Time dhms far*dhms)

NOTES:
; This routine was adapted from the dhms routine used by the PCDecom display

application.

S I assume the time (in seconds) starts at day 0, and I add one to the day,
thus days are 1-365.

Note: I no longer increment the day since elapsed time tends to get screwed
up that way. I just leave it as is and Caveat Emptor!

proc time dbl to-dhms uses di
arg argTIME:dword, argDHMS:dword
local varOLDCW:word, varNEWCW:word

Load the value into math register st(0).

les bx,[arg_TIME] ;es:bx -> time
fld [qword ptr es:bx] ;load double into st(O)

Save the math control word, it contains the current rounding mode. Turn
on round-towards-0 mode.

Make a pointer to the start of the work buffer, I'll fill in from the
front first.

tdblhbma.agm
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rounding:
fstcw [varýOLDCW] ;save rounding mode
fwait
mov ax,[var OLPD CW]
or ax,OcOOh ;turm on round-to-O mode
mov [vw- NEW CW],ax
fldaw [var NEWCW]

les di,[arg_DHMS]

; Load a divide-constant into math register st(0), then call the crank
; routine, it extracts the next integer.

fild [secs.perday]
call crank ;extract days
inc ax ;days++ ... make days 1-365
stosw

fild [secs.permin]
call crank ;extract total minutes in day
mov bx,60
div bi ;al - mins/60 (hours)
xchg bb,ah ;bh - mins%60 (minutes)
stosw
mov al,bh
stosw

call crank half ;extract seconds
stosw

Restore the rounding mode. Convert and store the fraction.

fldcw [var OLDCW] ;reset rounding mode

fimul [one thousand] ;st(O) = st(O) * 1000
fist [word es:di] ;store milli-seconds

Pop math register st(O).

ffree st(O)
ret

endp

inputs: value in st(l), constant in st(0)

tdbl huw.asm



tdbl-ba.asm

returns: adjusted value in st(O)
ax = extracted integer (also in tempword)

crank:
fld st(O) ;duplicate the constant
fdivr st(O),st(2) ;st(O) = st(2) / st(O) ... ant = value / const
frndint
fist [tempword] ;store rounded integer
finuln st(l),st(O) ;st(l) = st(l) * st(O) ... part = const * int, pop
fsubit st(l),st(O) ;st(l) = st(l) - st(O) ... value -- part, pop
mov ax,[tempword]
ret

; inputs: value in st(O)
; returns: adjusted value in st(O)
* ax = extracted integer (also in tempword)

crank half:
fld st(O) ;duplicate the value
frndint
fist (tempword] ;store rounded integer
fsubp st(I),st(O) ;st(l) = st(l) - st(O) ... value -= int, pop
mov ax,itemp word]
ret

public time dbl to dhms
end

tdbl_]•s.aam
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; * Public Domain
;* Thomas J. Silva and Bruce G. Jackson & Associates, Inc.

ideal
model large,C

include "times.inc"

extra time dbl to dhms:far, time_dhms to string:far

codeseg

char far*time-dbl to-string(double far*time, char far*work)

NOTES:
This routine makes this fixed size string: "ddd:hh: mm:ss. 123, and needs 18

bytes with which to work, so size your work area accordingly.

proc time dbl to string
arg argTIME:dword, argWORK:dword
local varDHMS:time-dhms

Convert the time into dhms integers, then convert that into a string.

lea bx,[varDHMS]
push bx
call time dbl to dhms, [argTIME], bx, ss

pop bx
call time dhms to.string, bx, ss, (argWORK]

ret
endp

public time dbl to string
end

tdbl str.azm



tgps_utc.c

#include <types.h>
#include < times.h >

• The base date is: 3 Jan 93, julian day 3, GPS week 678.

#define BASEYEAR 1993
#define BASELEAP NO
#define BASEWEEK 678
#define BASEJDAY 3
#define SECSINDAY 86400

void timegps_to_utc(Time_.gps *gps, double gps.leadsutc, Time utc *utc)
{

int year = BASEYEAR,
leap = BASE LEAP,
jday = BASEJDAY,
weeks = gps- >week - BASEWEEK,
wday;

double secs;

• Compute seconds in current day, and day of week.
*/

if ((secs = gps- > secs - gps leads utc) < 0)
{

weeks-;
secs + = SECSINDAY * 7;}

if ((wday = secs / SECSINDAY) > 0)
secs -- (long)wday * SECSINDAY;

* Compute julian day, loop until it fits in the proper year.
*/

jday + = weeks * 7 + wday;

while (jday < 0)
{

year--;
leap = (year %4 ==0&&(year % 100!=0 II year %400-= 0)?YES: NO);
jday + = 365 + leap;

tgpu utc. c
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while (jday > 365 + leap)
{

jday -= 365 + leap;
year+ +;
leap = (year % 4 == 0 && (year % 100 0 1 year % 400 == 0) ? YES : NO);

}

/*1

utc-> secs = (long)jday * SECSINDAY + secs;
utc- > year = year;

tgposutc.c
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*Public Domain
* Thlomas J. Silva and Bruce (G. Jackson & Associates, Inc.

ideal

model large,C

include "timos.inc"

dataseg

one-thousand dw 1000

codeseg

DHMS equ (time-dbms es:bx)

union long mnt
long dd ?
struc

lsw dw ?
MaW dw ?

ends
ends

void time-dbms-to-dbl(Time~dhms far*dbrns, double far*time)

proc time-dhms, to dbl uses di
arg dhm~sjtr:ptr time-dhms, timey._tr:dword
local seconds: longint

Pro-load seconds accumulator with seconds.

los bx,[dhms~ptr]

mov ax,[DHMS.secsj
mov [seconds. iswJ,ax
xor ax,ax
mov (seconds. msw],ax ;seconds =seconds

Turn days into seconds.

tim._db1.&m=
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mov ax,[DHMS.days]
mov dx,24
mul dx ;ax = days *24 ... hours
mov dx,3600
mul dx ;ax = (days *24) * 60 * 60 ... seconds
add [seconds.lsw],ax
adc [seconds.msw],dx ;seconds + = (days * 24) * 60 * 60

Turn hours and minutes into seconds.

mov ax,[DHMS.hours]
mov dx,60
mul dx ;ax = hrs * 60 ... minutes
add ax,[DHMS.mins]
mov dx,60
mul dx ;ax = ((hn* 60) + rins) * 60 ... seconds
add [seconds.lsw],ax
adc [seconds.msw],dx ;seconds + = ((hrs * 60) + mins) *60

; Load total seconds into math chip, load msecs and adjust it, then add
; to get a total time.

fild [seconds.long]
fild [DHMS.msecs]
fidiv [one thousand] ;st(O) = st(O) / 1000
faddp st(l),st(O) ;st(l) = st(l) + st(O), pop

Store the final result

les bx,[time.ptr] ;es:bx -> time
fstp [qword ptr es:bx] ;store double, pop
fwait

ret
endp

public time dhmsjto-dbl
end

tahmsdbl.aum



tba_stzr.axa

* Public Domain
; * Thomas J. Silva and Bruce G. Jackson & Asociates, Inc.

ideal
model large,C

include "times.inc*

codeseg

DHMS equ (time_dhms bx)

char far*time_dhmstostring(Time_dhms far*dhms, char far*work)

NOTES:
This routine makes this fixed size string: "ddd:hh:mm:ss.123", and needs 18

bytes with which to work, so size your work area accordingly.

proc time dhms-to string uses di ds
arg argDHMS:ptr time dhms, arg_WORK:ptr byte

Make a pointer to the start of the work buffer, I'll fill in from the
front first.

les di,[argWORK] ;es:di -> front of the work buffer
Ids bx,[arg_DHMS]

mov ax,[DHMS.days]
omp ax,999

jbe doday
mov ax,999
do day:
call fill_.digit ;convert days, 3 digits

dec di ;backup to trailing colon
mov al,'%'

stoeb ;add a slash

mov ax,[DHMS.hours]
call fill_2digit ;convert hours, 2 digits

mov ax,[DHMS.mins]
call fill_2digit ;convert minutes, 2 digits

tbhas-tr.aum
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mov ax,[DHMS.secs]
call fill_2digit ;convert seconds, 2 digits

Convert the fraction.

dec di ;backup to trailing colon
mov ad'.$

stosb ;add a dot

aov ax,[DHMS.msecsj
call fill_3digit ;convert milli-secs, 3 digits

Add a NULL terminator, return a pointer to work.

dec di ;backup to trailing colon

xor al,a&
stoab
mov dx,es
mov ax,[word argWORK]
ret

endp

inputs: ax = integer value
es:di -> work area

returns: work area filled with 2 or 3 digits, di bumped
wasted: ax, cl

fill_3digit:
mov cl,I00
div cl ;a = ax / 100, ah = ax % I00
or al,'O'
stosb ;*work++ - al + '0'
shr ax,8 ;ax =ah

fill_2digit:
mov cl, 10
div cl ;ai ax / 0, ah = ax % 10
or ax,3030h
stosw ;*work++ = al + '0', *work++ ah + '0'

mov al,':"
stosb ;*work+ + •
ret

public time dhms to string
end

tbmzstr.&as
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idead
model large,C

void rtc-timer set(ushort msec count, uibyte *flag)

proc itc timer set
arg argMSECS:word, arg_FLAG:ptr byte

Jos bx,[argFLAG] ;es:bx ->flag, non-zero when done

mov ax,(arg-MSECS]
mov dx, 1000
mmii dx
mov cx,dx
MOV dx,ax ,cx dx =micro-seconds

mov ax,8300h ;start timer service
imt 15h

ret
endp

public rtc timer-set
end

timaer. asm
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Ainclude <math.h>

UAnclude < vector.h >

int vector-chock(Vactor Ibv, Vector-limits *limit)

double mag;

if (fabs(v-> x) > limit-> hi
faWv- >y) > limit- >hi
fabs(v- >z) > limit- >hi) return NO;

mag = vector _magnitude(v);
if (mag < limit- >low IImag > limit- >hi) return NO;

return YES;

int state -vector__ check(State_vector *"v, State-vector-limits *Iimit)

return vector check(&v- > pos, &limit- > po8) && vector chock(&v- > vel, &iimit- > vel);

v-check. c
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"* These functions convert the Shuttle state vector between M50 Inertial
"* coordinates and J2000 inertial coordinates (and back again).

* NOTE: This really does B50, not M50, but they are close.

Dlnclude < math.h >

Dinclude <vector.h>
Ainclude <const.h>

static double j2000_bSO[31(3]
{

.9999256794956877, .0111814832391717, .0048590037723143,
-.0111814832204662, .9999374848933135, -.0000271702937440,
-.0048590038153592, -.0000271625947142, .9999881946023742

void
state..vector__m5S toj2OOO(State-vector *m5O, State-vector *j20)0)
{

double b50j2000[3][3];

matrix transpose(j2000bSO, bSOj2OO);
vector_trmnsform(&m50-> pos, &j2000- > pos, b50j2000);
vector_transform(&mSO- > vel, &j2000-> vel, b50j2000);

void
state vectorj2000)_to_m50(Statevector *j2000, State-vector *m5O)

vector transfonn(&j2000- > pos, &m5O- > pos, j2000)b5);
vector tnsform(&j2000- > vel, &m5O- > vel, j2000_bSO);

v_J2000.c



" These functions convert the Shuttle state vector between M50 Inertial
"* coordinates and ECEF coordinates (and beck again).

*NOTE: Values may be in any units, and time must be UTC.

#include < math.h >

Anclude <vector.h>
#include <const.h>

void
state vector__rotate_.50_ee(t vecto rasorm *m50_ecef,

double new time,
State vector-transform *Wef m50))

double c-lam, s-lam, lambda;

ecef_.50-> time = new-time;

lambda = EARTH_-OMEGA * (newý-time - .50_ecef- > time);
c-lam = cosoambda);
s-lam = sin(Iambda);

ecef mSO- >matrix(0][0] = m50 ecef..>matrx[0][0]*c lam + .50 ecef- >matrix[ I ]OI*s lam;
ecef m50->matrix[0][l] = -. 50 ecef->matrix[O][0]*s lam + .50 ecef- >matrix[lJ1[O.~j'clam;
ecef_.50- > matrix[0][2] = .50 ecef- > matrix[2][0];

ecef m50- >matrix[l1][0] = .50 ecef->matrix(0](lI*c lam + .50 ecef->matrix(l](l]*s lam;
ecef_.50->matrix~l]fl] = -. 50 ecef->matrix(0][l]*s lam + .50-ecef- >matrix[lI IlI]*c lam;
ecef_.50-> matrix[l][2] = .50 ecef- >matrix[2][l];

ecef m50- > matrix[2O][0 = .50 ecef-> .atrix[0][21% lam + .SO ecef- >matrix[l1][2]*s Lam;
ecef_.50- > matrix[2][1] = -. 507ecef-> matrix[0][2]*s lam + .50 ecef-> .atnix[l 1(21*c lam;
ecef m50-> rnatrix[2][2] = .507ecef-> .atrix[2j[2];,

#ifdef GIGO
static show vector(char *title, Vector %v)

printf("%s\t%201f %201f %201f\n', title, v->x, v->y, v->z);

v-a50. C
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static show-mutrix(char *titde, double m[3][3])

static char finti]
"%skt%201f %20if %2O~f~nw
O\t\t%201f %Z0lf %2Olf~no
"\t\t%201f %201f %20lf\nm;

printf(fmnt, tidle,
ma[O][O], m[0O(i1, m[01[2),
m[l][O], m(l]Ll]. m[l][2],
m[2][0J, m[2][1]. m[2][21);

#endif GIGO

"* Note: Velocity may be an inertial velocity expressed in ECEF coordinates.
"* Otherwise it is an ECEF velocity, expressed in ECEF coordinates.

void
state-vector__mSO-to-ecef(State-vector *m50, State vector %ecf,

State-vector-transform *ýMSOecef~epoch, int vel-s-ecef)

Vector omnega, omegaXr, vrel;
State-vector transform ecef m50, m5O-ecef;

state-vector-rotate-m5O-ecef(m5Oecefepoch, ni5O-> time, &ecef mS0);

if (vel_is-ecef)

omgI AT -M G *ee ~arx0[]
omega.x = EARTHOMEGA * ecef n5O. matrix[O1][21;
omega.y = EARTHOMEGA * ecef m50.matrix[1][2];

vector-cross(&omega, &m50- >por-, &omegaXr)
vector-diff(&m50- >vel, &omeg&Xr, &vrel); II5oO - omegaXr

else vrel = m5O->vel;

matrix-transpose(ecef m5O.matrix, mSO-ecef. matrix);
vector-transformn(&m50-> pos, &ecef- >pos, m5O-ecef.matrix);
vector trnmsform(&vrel, &ecef-> vel, m5O-ecef. matrix);
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void
state-vector__eef-to-m50(State vector *ecef, State-vector *mSO,

State-vector-transforma *mSOq_weefepoch, int vel_is-ecet)

Vector omega, omegaXr;
State vector transform ecef-m5O;

state vector-rotate-inSO-ecef(zn5O ecef epoch, ecef- >time, &ecef-ui5O);

vector-transform(&ecef- >pos, &mSO- >pos, ecef mSO.matrix);
vector-transform(&ecef-> vet, &m50- >vet, ecef mSO.matrix);

/* ----------------

if (vet-is-ecet)

omega.x = EARTH-OMEGA * ecef M50.matrix[O][2];
omega.y = EARTH-OMEGA * ecef mSO. matrix[ 1][2];
omega.z = EARTH-OMEGA * ecef-mSOmatrix[2][2];

vectorcrs(oea &m5O->pos, &omsegaXr);
m50- >vel. x + = omegaXr. x; IIm50 + oinegaXr
m50->vet.y + = omegaXr.y;
m5O- >vel. z + = omegaXr. z;

V-M50.C
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#lnclude <math.h>

#lnclude <vector.h>

*Both m in and ni-out may be the same matrix.

void matrix_trmnspose(double m-in(31[31, double m-out[3][3])

if (m in =m-out)

double temp;
temp = mkout[O][l]; mnýout[O][I] = mpý_ut~l][O]; m-out[1][O] = temp;
temp = mnout[OJ[2]; mnout[O][2] = mkout[2][O]; m -out[2][OJ = temp;
temp = m~qout[1J(2]; m~out(11(21 = m~out[2][1]; mkout[2J[lJ = temp;

else

int row, col;

for (row=O0; row <3; row++)
for (Col=O0; col <3; col ++)

tnout~row][col] = m-in[colJ[row];

"* I compute the INERTIAL to LVLHR transform matrix given an inertial vector.
"* This is a standard post-multiply matrix, where VI -M Vi, and Vi is a column.

int state -vector -itol -matrix(State _vector *sv, double matrix[3][3])

Vector temp;

temp.x = -sv->pos.x;
temp.y = -sv->pos.y;
temp.z = -sv->pos.z;

if (vector unit(&temp, (Vector *),atrix[2]) ==NO) return NO;

vector' cross(&sv- >vel, &sv- >porn, &temp);

if (vector unit(&temp, (Vector *)matrix[11) = = NO) return NO;

v matri±x.c



vector crom((Vector *')matrix[1J, (Vector *)matrix[2], &wwm);
if (vector-unit(&temp, (Vector *)matrix[O]) = NO) return NO;

return YES;
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* See vector.h for a discussion of quatemion order and direction.

#include <nmath.h>

#include <vector.h>

void quaternionconjugate(Quatemion *q)
{

q->x = -q->x;
q->y = -q->y;
q->z = -q->z;

)

"* Quaternion multiply order is reversed from matrix multiply, but matrix
"* multiply is not straightforward either, so read on.
.

"* If you have transforms from A-to-B and B-to-C, then the matrix equation
"* will be: Vc = Mbtoc * M atob * Va, remember: the vector is post-multiplied
"* as a column, and the result Vb is post-multiplied again.
"* The corresponding quaternion equation is: Vc = Va * Q atob * Q~btoc.

//void quaternionmult(Quaternion *ql, Quaternion *q2, Quaternion *qout)
/I/
// qout->s = (ql->s * q2->s) - (ql->x * q2->x) - (ql->y * q2->y) - (ql->z * q2->y);
// qout->x = (ql->s * q2->x) + (ql->x * q2->s) + (ql->y * q2->z) - (ql->z * q2->y);
// qout->y = (ql->s * q2->y) - (ql->x * q2->z) + (ql->y * q2->s) + (ql->z * q2->x);
// qout->z -- (ql->s * q2->z) + (ql->x * q2->y) - (ql->y * q2->x) + (qI->z * q2->s);
//}

"* This routine creates a direction-cosine matrix from a quaternion. The
"* matrix is computed in the "direction" of the quaternion: if the quaternion
"* is body-to-inertial then the matrix denotes the rotation from the body frame
"* to the inertial frame.

"* NOTE: See vector.h about NASA quaternion twist direction. As as result of
"* the reversed definition, all the orbiter code that I've seen has reversed
"* signs on the non-squared elements (the same as transposing the matrix).

* 2222
* n00-s+ x-y-z m01 =2xy+2sz m02=2xz-2sy

v._quat. c



vý-quat. c

*2 2 222
*mlO -2xy -2s MI1I1 -x + y -z m12 2yz +2sx

*2 2 222
* n2O -2xz +2sy .21 2yz -2sx m22 s-x-y+ z

*Equivalent diagonal elements:
2 22 2 2 2 2

* O -~O I - 2y -2z .11 - 1- 2x -2z w22 - I -2x-2y

void quaternion to matrix(Quaternion *q, double matrix[3][3])

double as q->s q-s
double xx =q->x * ' x
double yy -q->y * -y
double zz =q->z *-z

double xy =q->x *-y

double xz q->x *-z

double yz =q->y q-z
double ax =q->s q-x
double sy =q->s *-y

double ax q->s q-z

matfix[O][O] = as + xx - yy - zz;
matfix[Olill - 2 * (xy + az);,
matrix[0][2J = 2 * (xz - sy);
matrix[lJ[O] = 2 * (xy - sz);
matrix[1][1J = as - xx + yy - zz;
matrix[I][2] = 2 * (yz + sx);
matrix[2][O] = 2 * (xz + ay);
matrix[2][l] = 2 * (yz - ax);
matrix[2][2] = as - xx - yy + zz;
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#include <niath.h >

#include <vector.h>

"* This routine produces the position vector from one state vector (target) to
"* another state vector (chaser). The inputs are assumed to be in GCI, and the
"* output is returned in the LVLH of the principle state vector (target).

*Vector rv
* x = vbar, positive forward
* y = hbar, positive "north"
* z = rbar, positive down

*Vector rvdot
* x = magnitude of (position difference vector)

y y=ydot
* z = closure rate

void vectorjrvbar(State _vector *target, State-vector *chaser, Vector *rv, Vector *rvdot)

double wag tpos, magxxv, magvbar, lcg[3][3], w;
Vector xtxvt, hhat, nibbat, vb, xop, dif, rvbdif, omega, vdifi, vdifl, rdot, wxr;
double hbar, vbar, rbar, cos-theta, eta;

mag~tpos =vector mxnagnitude(&target- >pos);

lcg[2][O] =-target-> pos.x / wag_tpos;
lcg[2][I] -target-> pos.y / niag~tpos;
lcg[2][2] -target-> pos.z / mnag~tpos;

vector_ cross(&target- >pos, &target-> vel, &xtxvt);
inagxxv =vector znagnitude(&xtKVt);

lcg(1[O][0 mhhat.x = -(hhat.x = xtxv.x / magxxv);
lcg[1][1J mbhalt.y = -(ha.y = xtxvt.y / magxxv);
lcg[l][2] mhhat.z = -(hhat.z = xtxv.z / inagxv);

hbar = vector dot(&hhat, &chaser->pos);
vector cross(&target-> pos, &mhhat, &vb);

xop.x - chase->po..x - hbat.x * hbor,

v zrvbar. a
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xop.y - chawe->poo.y - hhaz-y *hber;

xop.z - chaser->pos.z - bha.z * bar,-

coo theta - vector dot(&xop, &target- > poe) / mag tpos / vector magnitude(&xop);

if ((cos theta > 1.0) && (cos theta < 1.05))
eta -0.0;

clue
eta - acos(vector _dot(&3cop,&target- >pos) I mag tpos / vector _magnitudc(&xop));

vbar = ag tpos * eta;
Owa = wg tpos - vector nianiftude&chase- >pos);

magvbar = vector _wanitude(&vb);

Icg[0][0] = vb.x I magvbar; dif.x -chaser->pos.x - target->pos.x;
lcg[0J(1] = vb.y / magvbar; dif.y chaser->pos.y - target->pos.y;
Icg[O][2] = vb.z / magvbar; dif.z chaser->pos.z - target->pos.z;

vector trnsform(&dif, &rvbdif, lcg);

if (rvbdif.x < =0) vbar -- vbar;

rv- >x -vbar;
rv- > y -- b
rv->z - rbar,

vdifi.x - chawe->vel.x - waget->vel.x;
vdifi.y - chawe->vel.y - target->vel.y;
vdifi.z -chaser->vel.z - target->vel.z;

vector transform(&vdifl, &vdifl, Icg);

w - mgxxv / vector dot(&tget- >pos, &Wargt- >pos);
omega.x - ouweg.z - 0.0; ozneg.y = W;

vector cross(&meg, Suvbdif, &wxu);

rdot.x -vdifl.x + wicr.x;
rdot.y - vdifl~y + wxr.y;
rdot.z -vdifl.z + wxr.z;
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rvdot->y - rdot.y;

rvdot- >x - vector.agntude(&rvbdif);

if (rvdot->x > 1.0.4) rvdot->z -- vector dot(&rdot, &rvbdif) /rvdot->x;
else rvdot- >z - 0.0;
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Anclude <mjath.h>

hinclude <vector.h>

double vector manitude(Vactor "'v)

return sqrt(v->x * v->x + v->y *v->y + v->z v-z)

int vector unit(Vactor *vin, Vector *vout)

double wag;
if ((wag =vector masgnitude(vin)) ==0.0) return NO;
vout- >x =vin- >x / mag;
vout- >y =vin- >y / mag;
vout- >z =vin- >z / wag;
return YES;

double vector dot(Vactor "'vi, Vector *v2)

return (vl->x * v2->x + vl->y * v2->y + vl->z *v2->z);

void vector cross(Vector *vl, Vector *v2, Vector "'vout)

vout->x = vl.>y*v2->z - vl->z"'v2->y;
vout->y = v1->z*v2->x - vl->x*v2->z;
vout->z = vl->x"'v2->y - vl->y"'v2->x;

" This past-multiplies a matrix with a COLUMN vector: Vout =M Vin.

void vector transform(Vector *vin, Vector *vout, double transform(3][3])

vout->x - vector dot(vin, (Vector *)&tr.ajsform[0][o]);
vout->y - vector dot(vin, (Vector *)&transform[1J[0]);
vout-> z = vector dot(vin, (Vector *)&tranfoizn[21[0]);
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void vector diff(Vactor % I, Vector *v2, Vector *vout)

vout->x = vI->x - v2->x;
vout->y = vl->y - v2->y;
vout->z = vl->z - v2->z;

//void vector-add(Vactor *vI, Vector %v2, Vector *vout)

IIvout->x = vI->x + v2->x;
//vout->y = vl->y + v2->y;
IIvout->z = vl->z + v2->z;

HI)
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* Public Domain
* Thomas J. Silva and Bruce G. Jackson & Associates, Inc.

Sfndef COMPORT

Ndefine _COMPORT

Ninclude <types.h>

"* These are the only user-callable routines, all the others are for internal
"* use only.

exter int
comjortstart(int portid, ushort rx bsize, ushort tx-bsize),
comjortstop(int portid),
comj.ortset(int port_id, long baud, int parity flag, int stop bits),
com_portget(int port_id),
comport_put(int port id, ubyte value),
com_portread(int port_id, ubyte *where, int size),
com.portwrite(int portid, ubyte *where, int size);

#define COM PORTpar none OxOO
#define COMPORTpar even Ox18
#define COMPORTparodd OxO8

#define COMPORTstopl OX00
#define COMPORTstop_2 0x04

* Head and tail are offsets from the buffer start.

typedef struct
{

ushort size, used, head, tail;
ubyte *start;

Com.port buffer;

"* This structure is used for actual interrupt-handler entry points. The
"* structure contains several instructions, all of which must be initialized,

"* and one of which must be set with the coinmon-handler address.
* 06 pushes
* 53 push bx
* 90 nop

comport. h
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*9a calif SEG:OFF

typedef struct

ubyte op_ en, op~bx, op nop, op_cal;
ushort offset, segment;

)Comjport-entiy;

*Note: If you change COMPORT_ýmax, then you must change an array in the C
*source file.

#define COMPORT- max 4

typedef struct

Com~jport~entry entry;
ushort status, port;
ubyte irq, irqjnask;
Com~port buffer rx, tx;
void (far*old -handler)(void);

Comjport info;

#define COM -PORT-in-use OXOO0l
#define COM_-PORT ircqyas off 0x0002
#define COM PORT rx;nablied OxOOlO
#define COMPORT'tx-enabled OxOlOO
#define COM-PORf-txstopped 0x0200

#define COM PORT clock 1843200L

extern int

_corn portrset(Comjiort info *port),
_com~portj(ojo ino *port), usort value);

- _prjut(Comj~oqj nfoprt

extern void
_comyort set(Comjmort ino *port, ushort divisor, int parity flag, int stopybits),

cm~jport~intrmmcatch(Comj~ort inf *port),

#endif_-COMPORT-
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%nolist

;*Public Domain
Thomas J. Silva and Bruce G. Jackson & Associates, Inc.

union Far~ptr
ptr dd ?
struc

off dw ?
seg dw ?

ends
ends

stnzc Comjport~entry
op-es db ?
op~bx 8
op nap db ?
op cal db,?
handler Far~ptr < >

ends

OP PUSHES = 06h
OP7PUSHBX = 53h
OP7NOP gob0
OP7CALLF = 9ah

struc Comj~ort buffer
bsize dw ?
bused dw ?
bbead dw ?
btail dw ?
bstart Farjptr < >

ends

utruc Comport info
entry Co~j)ortentiy < >
status dw ?
port dw ?
irq db ?
irq~mask db ?
rx Comjport buffer < >
tx Com~port buffer < >

con port. inc
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old-handler Farptr < >

ends

COM PORT in use - 000h
COM PORT irqywas_off = 0002h
COM PORT rx enabled =0 l0h
COM PORI;txenabled - 0100h
COMPORT-tx-stopped = 0200h

macro ACCWR Reg,Inst,VaI
MOV ah,dl
add dl,Reg
Inst al,VaI
out dx,al
MOV dI,ah

endm

macro ACCRD Reg
mov ah,dI
add dl,Reg
in al,dx
mov dl,ah

eadm

Plýint -irqO = 08h
Plqint-irqg = 70h

PC ICO 10 = 20h
PCIC07rl = 21h

PC-IClw10 -Osh
PClCl-rl Oalh

ICeo0i =20h

ACCrwl int-Istat - 00000100b
ACC rwl intIx = 00000010b
ACC-rvdint-rx =-00000001b

oom~port. inc
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ACC r2 int~pending =O0000000b
ACCd~inttyp = 00000110~b

ACC w2 rxfifo I = 0000000b
ACCwfrx fifo4 -01000000b
AC6-w2rx-fifo_8 -l1000000b
ACC~w2_rxýfNo 14 -l1100000b
ACC-w2_d& nmode - 00001000b
ACC~w2_tx cdr = 00000100b
ACC w2_rx clr 00000010b
ACC~w2_fi o-on =00000001b

ACC rw3_diab - 10000000b
ACC~rw3_break = 01000000b
AC6-rw3_pnrflip -00100000b
ACC rw3jparcven =000 10000b
ACC~rw3jarcnab =0000 1000b
ACC-rw3_2stop - 0000010bb
ACC-rw3S8bits = 00000O11b

ACC -rw4I- oopback =001000OOOb
ACC-rw4o9utput2 = 00001000~b
ACCrvw4oputputl = 00000100~b
ACC rw4_RTS = 00000010b
ACC~rw4_DTR = 00000001lb

ACC -r5 -txc.mpty - W100000b
ACC-65_rx-avail 00000001b

%list

acumport. inc
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* This package provides mathematical constants.

* Note: Some of these are already defined, with different names, in math.h.

* Author:
* Robert Gottlieb, August, 1989

* Modified:
* Lee Barker, Mar 93
* TJ Silva, Mar 93

* Knuth, D.E.,'The Art of Computer Programing: Vol.2 Semi-Numerical
* Algorithms,* Addison-Wesley Pub. Co., 2nd Ed., 1981.

* Selby, S.M., "Standard Mathematical Tables," The Chemical Rubber Co.,
* 20th ed., 18901 Cranwood Parkway, Cleveland Ohio, 1972.

#ifndef CONST
#define _CONST

1* - Define machine constants -

#define BIG 1.0e+20
#define SMALL l.Oe-20
#define TIME TOL 1.0e-06

/* - Defining Constants -*/
#define Pl 3.14159265358979323846
#define NATURALLOGARITHM BASE 2.718281828459045235

#define EULERSNUMBER NATURALLOGARITHMBASE;

/* - Derived Constants - */

#define SQUARE ROOTOFTWO 1.41421356237309504880
0define SQUAREROOTOFTHREE 1.732050607568877293
#define SQUAREROOTOFFIVE 2.236067977499789696
#define SQUAREROOTTEN 3.162277660168379331

0define CUBEROOTTWO 1.259921049894873164
0define CUBE-ROOT THREE 1.442249570307408382
0define FOURTHROOTTWO 1.189207115002721066

0define NATURAL LOG TWO 0.693147180559945309
#define NATURAL LOG THREE 1.098612288668109691
Ddefine NATURAL LOGTEN 2.302585092994045684
#deflne NATURAL LOGP1 1.144729885849400174

const.h
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#dfine BASETENLOG_PI 0.497149872694133854
#define P1 SQUARED 9.869604401089358618
#define Pt INVERSE 0.318309886183790671

#defin HALFP ( P/ 2.0)
#define TWOPI ( PI 2.0)

#define NATURALLOGARrITHMBASE.INVERSE 0.367879441171442321
#define NATURALLOGARITHMBASESQUARED 7.389056098930650227

#define DEGREES (P1/180.0)
#define OBUQUITY (23.45 * DEGREES)

#define TRUE 1
#define FALSE 0

#define ON 1
#define OFF 0

/* Additional constants added by Lee Barker for STS-51 software */

#define YES 1
#define NO 0

#define FTTOM 0.3048
#define KILOFT TO KILOM (Fr TOM)
#define FT TOKILOM (FT TO M/1000.0)

#define MTOFT (I.O/FT TO M)
#define KiLOMTOKILOFT (MTOIT)
0define KILOM TO-FT (M TOFT*I000.0)

0define RAD TO DEG (180.0/PI)
#define DEG TORAD (Pl/180.0)

#define EARTHRADIUSKILOM 6378.139
#define EARTH-OMEGA 7.29211514646e-5

#edif _CONST
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Difixdcf ED1T-
#der=n -EDIT

exter char
*edit-text(char *label, char *inifial);

extern imt
edit integer(char ablabel, int initial);

extern long
edit-integer long(char Mabel, long initial);

#endif_-EDIT-

odit.h
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Ifndef EDITRT
Odefne _EDIRT

* -*I

"typeef struct
{

int row, col;
char *string;

} Edit label;

* The field callback functions take these arguments:
.
* get(char *work, void *data)
* put(char "'work, void *dat)
* key(Edit fielddinfo *info, int key)

* work: pointer to start of work string, 80 chars max
* data: pointer to some piece of data, field specific
* info: pointer to field-in-progress information
* key: key value
.

* The get function must convert its data into a string. It must return the
* cursor offset as follows:
* < 0 Put the cursor past the end of the string

* > = 0 Put the cursor somewhere in the string (0 for start of string)
.

* The put function must convert back from a string, it may return:
* 0 No, string had garbage (reset my field)
* 1 Ok, convert successful

* The key function must behave somewhat like other key handlers:
* 0 Didn't use the key
* 1 Used the key
* 2 Used the key (reset my field)
* */

"typedef struct
I

char *work;
int changed, size, cursoroffset;

} Edit field info;

typedef struct
I

ed t~t t. h
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int raw, col;
int ("'geXchar *,void )
int ("'putXcbar ~,void )
int (*key)(dTAfield info ,int);

void *'data;
)Edit-field;

extern void
edit-field insert(Edit field info *info, ant key);

extern int
"edt field key_handler(Edit field info *info, int key),

edit -filedjget_ int(char *work, void *data),
edit fieldjput int(char "'work, void *data),
edit field key int(Eit-fieldjinfo "*info, int key),

edit fieldget dbl(char "work, void *data),
edit fieldjmt jbl(char "*work, void *dafta),
edit field key db(dtfedif 'no, int key),

edit field-getjmeso(char *work, void "'data),
edit fieid~jxtjmeo(char *work, void *data),
edit field key~yesno(Edit~field-info "*info, int key),

edit feledgeftdhms)(char *work, void *data),
edit fieldjmut dhmmo(char *work, void Odata),
edit fieldgetdhmsl (char 'work, void "'dafta),
edit -fieldjmut -dhmsl(char "'work, void *data),
edit fieldjcey dhms(Editlfeld info "*info, int key);

* wh screen callback functions take these arguments:

* pre(Edi scree "'sree)
* post(Edit screen "'screen)

*The screen callback functions give you control just before the screen goes
"* up, and just after it comes down. The primary~use for these callbacks is to
"* modify all the fields at once, specially when several fields are related.

typedef struct -edit screen

int label -count; Edit -label *labels;
int field count; Edit-field *fields;

void "'data;

.dit-rt . h
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int changed;
void ("proXotnact eadit-screenC)
void (ipomt)(struct -edit-screen")

atnact ( Edit -field "per; Editjlceldjinfo info; ) current field;
Edit-screen;

extern void
edit -screen-init(Edit-screen *screen),
edit screen stop(void);

extern mnt
edit-screen-key handler(Edit-screen "screen, int key);

#endif_-EDITRT-

edit-zt.h
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Af !definedCEMMj

Idefine _EMM_

Anclude <typeh>

"* Here arm some constants Ienumerations s tructures, and the prototypes of
"* the low-level EMM calls.

Odefine EqMMINT 0x67
#define EMM VERt4 0400
#define EMM PAGE SIZE (16*1024)
Odefine EMM PAGEPARAS (EMM_PAGESIZEI16)

typedef struct {ushort sell, page; ) Emm~physý_map;

typedef stnact (usbort page, phys; ) Ema map;

enum emmnjkys type ( EMMyphyspage, EMMjphys _segment;

extern int
-enn-ersonusbrt*version), ere

__mmyages(usbort *total, uhr ff)
enrn frame aeg(ushort *ueg),
1* emmPhyspags(ushort *psges), *

/* e.mm~phys maps(Emmhys map "'maps, ushc'.t *pages), *
-emmalloc(ushort "'handle, ushoit pages),
-emmrealloc(ushort handle, ushort pages),
-emm-free~usbort handle),
epmm~map(ushort physpege, ushort handle, ushort page),
earn map multi(int typ, ushort handle, ushort count, Earn map *maps),

_ear~nxmept~ushort handle, char "'name),
cam -name .et(ushort handle, char taae.),

-earn namefind(ushort "'handle, char "'name),
_earnhandle..pags(ushort handle, ushort *'pages);

"* An Earn- info structure holds information about the EMM system. You should
"* make just one of these in your program.

*The element phys~pages will be 0 if EMM not pent, is an old version, or

am. h



*fails in soeother manner during earn info constructo.

*NOTES:

*The Emzn mapped structure, and the army of these maps in the Earn info, were
"* from an earlier version of this code. This version does not try to keep
"* track of things as did the previous version.

"* This version's Earn-info has the array .map-9123, which you can use to map
"* the first four pages of any handle into the four pages of the page-frame.

/-typedef struct ( struct -earnhandle "'ermn; ushort page; )Emarnmapped; -

qTyedef struct

ushort pages free, pages total;
struct { ushort pages, segrnents[4]; ) phys;
/*'- Earn mapped mapped[4]; -~

int lasterrr;
Eairnmap map_0123[4];

)Earn info;

extern void
earn-info-construct(EmRn nOb *this),

#define earn info exists(this) ((this)-> phys.pages !=0)

"* An Earn handle structure holds information about one EMM handle. Make one
"* of these for every EMM allocation.

typedef struct -en -arnd

usbort handle;
Earn info *'info;
ushort pages;
/*'- ushort pages mapped; -~

)Ean Mhandle;

extern void
earn construct-new(Erna handle *this, Earn info "*info, usbort pages),
earn construct known(Eamn handle *this, Earn info *ernrninfo, ushort handle),
earn destroy(Emmi handle 'this);

Odefine earn exists(this) ((this)-> handle != 0)

Odefine eaanaaejet~his,na=) earnmknameSet((this)- >handle, namne)



Odefine emm _name us~thtis,name) _erný_namne_.t(Qhis)- >handle, name)

extern int
emrn .map(F~mm handle *this, ushort physage, ushort page),
eamRnmap_,multi(Ernrnhandle *this, int t"p, ushort count, Earn map *mnaps);

Dendif -EMM-
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#Ifndef KEYS
Odefine -KEY!S

extern inl key bit(void);
exter. inl keyjget(void);
exter. unsigned int key flags(void);

Ddefine KEY flagIshift 0x0002
#define KEEY flag rshift OxOOOI
Idefine KEY flag shift 0x0003

#define KEY -space 0X0020
#define KEY esc OxOOIb
#deflne KEY-cr OxOCOd
#deflne KEY If MOxOR
#define KEY bs 0x0008
#define KEY del MID15

#define KEY tab OX0009
#define KEY-backiab OxOlOf

#define KEY-fi OxOl3b
#define KEY f2 OxOI3c
#define KEY7t3 OxOI3d
#define KEY ft OxOl3e
#deflne KEYf5 OxOI3f
#define KEY f6 0x0140
#define KEYf`7 0x0141
#define KEYfS OxO 142
#define KEY 19 OxO 143
#define KEY flO OxO 144

#definc KEY sAft fi 0x0154
#define KEY-slift_12 0x0155
#define KEY-shfif3 OxO 156
#define KEYshftf4 OxO 157
#define KEYshftf OxO 158
#define KEY-shftf OxO 159
#define KEY sb~f` 7 OxO I~a
#deflne KEY-shftf OxOI~b
#define KEY uhft 19 OxOl~c
#define KEY shft fO OxOI~d

#define KEY cuilfi OxO I5o
#define KEY cntl 12 OxO 1Sf
#define KEY cnll 13 WIN16
#deflne KEY cotlf4 0x0161

keyo.h
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0define KEY cnut!f5 Ox0162
#define KEY cntlfb OxO 163
0defin. KEY-cut! `7 OxO 164
Alefla. KEY-cutitS OxO 165
#&~fine KEY-cat! 19 OxO 166
Alefine KEY-cat f 10 OxO 167

#define KEY alt fi OxO 168
#define KEY-alt-f2 Ox0 169
#define KEY-alt f3 OxOl6a
#define KEY-altM f4 x016b
0define KEY alt-t3 OxOl6c
#define KEY alt l OxOl6d
Ddefine KEY-alt-ft7 OxOl6e
#define KEY alt-f8 OxOl6f
#define KEY-alt 19 OxO 170
#define KEY-alt f`lO 0x017I

#define KEY-right OxOl4d
#define KEY-left OxOl4b
#define KEY up 0x0148
#define KEY-down CzO0150
#define KEY-home OxO 147
#define KEY-end Ox~l4f`
#define KEY~pgup OxO 149
"edfine KEYjpgdn OxOIS 1

#define KEY-cut!_right 0x0174
#define KEY. cad- left OxO 173
#define KEYcntL~up OxOI~d
#define KEY cut! down Ox0191

#define KEY-alt-r Ox0l 13
#define KEY-alt-s Ox01 If
#define KEY-altt Mx114
#define KEY-alt-w Ox0l I1I

#define YES I
#define NO 0

#andif -KEYS-

keys. h



NifndefNPSIF_

#define -NPS-If

#lncludc < vector.h>

exter n t
nps system init(void),
nps key handler(int),
nps display init(void);

extern void
npi system stop(void),
nps data flush(void),
aps dataupdate(State~vector *orb ins-m50,

Quaternion %orb~quat,
State-vector *orb_targ_nm5,
State -vector *corb gpsmSO,
State vector *orb~gps ecef,
State-vector *spas iv -ecef,
State-vector *spas gps-eccO),

npsyprocess~data(int have_orb_gps, int orbjpkt typ);

Ieadif -NPS-IF-

nps_i f h
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#ificfndfORBMECH1_
#define _ORBMECH I

#include <const.h>
#include <vector.h>

typedef struct

double planet-mu;
double planet -radius;
double planet omega;
double planet -flattening;
double planetj2;
double cc[530J;
double ss(5301;

}Gravity data;

typedef struct

int mode;
int number-zonal;
int number tesseral;
Gravitydat GMD;

Gravity model-data;

typedef struct

int mode;
double solar-flux;
double mean solar-flux;
double geomagnetic-index,_ap;
double ballistic-number;

)Drag_model-data;-

"typdef struct

Gravity-,model_data Gravity;
Drag.model-data Drag;

)Perturbations;

extern imt
bgpropinit(void);

extern void
bgpropjyear(int year),

orb.ech . h
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bgprop(double time total, Vector *pos, Vector %vel, Perturbations *P,
double delta -t, double ste, Vector *posf, Vector %velfO,

instantiateotpot(init model namne, Perturbations *P),
.50 _wgs84_n6O(Sftte _vector *uvin, State vector *svout,

int direction, State vector-tranform *svt, int vel-is-eeO;

#endif -ORBMECH 1

ozrbmech . h
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* .... *1

#fladef PACKET
lefine _PACKEf

#include < vector.h >

"* The packet start sync is EB 90, the stop sync is BE EF. The type is two
"* bytes instead of one to insure even-byte alignment for the remaining parts of
"* the structure.
* .. ... *1

typedef struct
{

ubyte syncstarut21;
int type;

Packet_header;

typedef struct { ubyte sync stop[2]; } Packet_trailer;

enum packettypes { PKT orbiter = 1, PKTspas, PKT.gps);

"* These packets are meant to go from one PC to another. The receiving PC
"* program may not know where the data comes from, nor should it have to know.

"* Therefore the sending machine, regardless of its architecture, must build
"* the packets with this format:
* All multi-byte elements are in Intel order: LSB first (little-endian).
* Doubles are IEEE format.

* In addition, the data must be converted in this manner:
* Times are floating-point seconds of GMT, note that 001/00:00:01.000
* ( sec past midnight on Jan lst) is I sec + 86400 (1 day).
* Angles are in degrees.
* Orbiter state vectors are M50, in ft and ft/s.
* Spas state vectors are WGS84, in ft and ft/s.

* Note: packet type 3 PKT..jps) is used only for testing.

typedef struct
{

double range, rollazimuth, pitch elevation, range rate;
ushort range_good, anglesgood, rate_good;

Ku info;

typedef struct

packet.h
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Packet header header;
Statevector orbiter -vector;
Quaternion orbiter _qumt;
Ku info ku;
state vector targetvecto,
Packet tradler trailer;

O rb~pacet;

typedef struct

Packet -header he ader;
State vector spas vector, gps-vector;
Packet trailer trailer;

Spasjackaet;

typedef struct

Packet header header;
State,_vector gps vector;
Packet-trailer trailer;

)Orbgpspacket;

#endif_-PACKET-

packet.h
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#ifzid~f PKT IF

#d&fi. -PKT UF

iAnclude <vcctor.h>

extern void
orbportjpacket~cbeck(int on-off);

extern imt
orb~portjnit(void),
orb~portinitbyname(char *fileoame),
orb~port~suop(void),
orb~portetb(void),
orb-pottread(unsigned char *where, int bytes),
orb~port~prcess(void);

extern it
tansjportinit(void),
tansjport~init~byname(char *fihemame),
tansjportstop(void),
usjportjgetb(void),

tansjxmwtsndb(unsigned char value),
tans~portread(unsigned char *where, int bytes),
tansjpiot~proceesvoid);

#endif_-PKTIF-

pkt-if h
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Elf !definedCSWAPJ
Edefin. -SWAP-

extorn void swap double(void *to, void *from);
extern double swap double _out(void *from);

extern void swap float(void *'to, void *from);
extern float swap_ float- out(void *ftoln);

extern void swap short(void *to, void *from);
extern ushort swap_skhoft_out(voidl *fromi);

#endif -SWAP-

swy.h
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#ifdef TANS PKT
#defle -TANSFPKTf

lAnclude <vectorth>

typedef utruct {float x, y, z;) Vector float;

typedef struct {ubyte die, type; )Tanspkt head;

typedef struct (ubyte dIe, etx;) Tansjb*tail;

typedef utruct

float aecs of week;
int week;
float gps-utc offset;

)Tansykt 21-41;

typedef struct

ubyte dyn code;
float elev angle mask, signal lvi mask, pdop mask, pdop switch;

)Tansj*L2c_4c;
Pk

typedef struct {ubyte position, velocity, timing, auxiliary; )Tanspkt35 55;

typedef intruct {Vector-float vel; float gigo; float sol time; )Tansj~kt_43;

typedef utnzct {Vector pos; double gigo; float sol tiune; ) Tans~kt 83;

typedef atruct (ubyte satellite; ) Tims~pkt_ýc;

typedef atruct

ubyte sat~pr, ulot-code, acqjflag, ephem flag;
float signal level, time, elFevation, azimuth;
ubyte old meas, nuec flag, data bad flag, data collect flag;

)Tansp*ktc;

taziapkt . h
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tyedf struc

ubyte control, ant-select, canrier track, diff track;

typedef stumt ( ubyte wr; int difpbase; )Tansjpkte_ýslave;

tyadef struct

ubyte slo( _code, satprn;
int menas count;
ubyte mr;
float codep~hase, doppler;
double time;
ulong carrier beat;
ubyte master -index;
Tansjkt e4 -slave slave-ant[3];

Tanspkte4;

Ddeflne TANS PKT SIZE RAW 512
0deflne TANS PKT SIZE-COOKED 256

typedef emum

TANSM sate -find stdart, TANS _state _hsdigo, TANS statepscket Mtart,
TANSM sate_find _end, TANS state-found-dle, TANS _staepakek bad,
TANS atatepacket ok, TANS Mtate-oversize

Tawnsjcket Mtate;

typedef struct

ubyte mawflANS PKT SIZE RAW], cooked[TANS PKT SIZE COE]
int raw sze, cooked-size, state;

Tans~packet;

extern int
tansja&cket~rev(ranspacket *'packet);

#endif_-TANSPKT-

tans~pkt .h
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* boma J. Silva and DBrce G. Jacks & Associates, Inc.

Of !dcfined(JThfES
Odeftne -MES

"tedef sruct unsigned sloit days, hours, mins, secs, mos; } Time_dms;

typedef struct imt week; double sacs; } Timeps;

typedef struct { lt year; double aees; Time_utc;

1Cim mm I8B mm m mm mm mm mm immll mm mme mm = mm m = = = == = = = =

* WARNING: These routines ar not coded to handle negative time!

* The string routines make this fixed size string: "ddd:hh:mm:u. 123", and

* need 18 bytes with which to work, so size your work area accordingly.

extern char
"*time dhms tostring(Tmedhms *dhms, char *work),
*time dbl tostrint(double *time, char *work);

extern void
time dbl to dhms(double *time, Time dhms *dhms),
time dhmstodbl(Time dhma *dhns, double *time),
time.. _to~utc(Timepgi *'gpa, double gpsleadsutc, Tnme.utc *utc);

extem void
rtctimer_aet(unsigned short tmseccount, void flag);

Dendif _TIMES_

times. h
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Public Domain
1Tbomas J. Silva and Dnice G. Jackson & Associaltc, Inc.

struc tilme soc mac
goes dd ?
uwec.s dw ?

ends

struc time sec usec
sees dd ?
nsecs dd ?

CO&s

struc time dhms
days dw ?
hours dw ?

minsdw ?
2=e dw?7
Maecs dw ?

ends

%list

timies. nc
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Madefn TYPES
Aisfi. -TYPES'

typedef unsigned long ulong;
typedef unsigned short ushort;
typedef unsigned char ubyte;
"lypedef char byte;

#define YES I
#define NO 0

Af !defined(FPOFF)
#define MK FP(seg,off) ((void far *)(((ulong)(seg) < < 16) 1 (ushort)(off)))
#endif

#endif TYPES_

types. h
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Oifxdef VECTOR
odefine _VECTOR_

#include <types.h>

"* I define the quaternion rotation as follows: positive twist is counter-
"* clockwise when looking down the rotation vector towards the origin. This is
"* consistent with a right-hand rotation where the thumb points out along the
"* rotation vector. This is also the way the books describe it.

"* NASA apparently defines positive rotation clockwise, thus all names and
"* labels are "backwards' when used with this code. For example: "M50 to Body"
"* must be treated as a 'Body to MSO" rotation. However, just to confuse us,
"* the names used by the onboard software appear to be correct: the onboard name
"* "QBI" corresponds to the ground name "M50 to body'. Go figure.

"* The physical layout of the quatemnion structure corresponds to the QI-Q4
"* as used by NASA: Qi is the scalar, Q2 is the x component, etc.
* ... . .. *1

typedef struct f double x, y, z; Vector;

typedef struct { double s, x, y, z, time; } Quaternion;

typedef struct { Vector pos, vel; double time; } State-vector;

typedef struct { Vector pos; double time;} RVvector;

// typedef struct { double roll, pitch, yaw; Euler angles;

typedef struct { double low, hi; ) Vector-limits;
typedef struct ( Vector-limits pos, vel;} State vector limits;

extern double
vector magnitude(Vector *v),
vector dot(Vector *vl, Vector *v2);

extern void
vector diff(Vector *vl, Vector *v2, Vector *vout),
vectoradd(Vector *vl, Vector *v2, Vector *vout),
vectorcross(Vector *vl, Vector *v2, Vector *rout),
vector transform(Vector *vin, Vector *vout, double transform[3][3]),
vector rvbar(State vector *target, State-vector *chaser, Vector *rv, Vector *rvdot),
matrix transpose(double matrix in[3][3], double matuix out[3][3]),
//matrix_pyr(double m[3][3], Euler angles *eler),

vector.h
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quaternioR conjugate(Quatermion "'c),
quaternion to malsix(Quaternion *q, double matrix[3](3]),
quatemnionomuit(Quaternion 'qi, Quaterniou *q2, Qusternion *qout).
// quaternion~pyr(Quaternion *q, Euler asngles *euler),
quaWemonnpormalize(Quaternon "'c);

extern *tnt
vector unit(Vector 'yin, Vector %vout),
vector ch"c(Vector %v, Vector limits limit),
mnatrix~toquaternion(double WlAtrix[31(3], Quaternion 'ci),
state-vector itol matrix(State vector "'sv, double matrix[3X[3]),
state-vector__check(State vector "'v, State vector limits *limit);

"* This structure is used to transform one state vector into another. Some
"* hawformations need a time stamp on the matrix.

typedef struct I double matrix[3](3], time; )State-vector-transform;

extern void
state vector__rotate .50 ecef(State vector-transform "'.50_eef,

double new-time,
State vector transform, "'eef .50),

state-vector-mSO-toeacef(State-vector "'.50, State-vector "'ecef,
State-vector-tranform '.50 ecef epoch, int vel-is-ecef),

state-vector__ecef tom50"(State-vector 'ecf, State~vector 'mS0,
State-vector-transform *m50 ecef epoch, imt vel-is-ecefO,

stae vector__.50 -toj2000(State vector *.50, State vector *j2000),
state vector j2000~tom50(State vector 4'J2000, State -vector "'.30);

#endif -VECTOR-

Vectoz.h



#include < stdio.h >
#include < aloc~h>
#lncude <coaio.h>

#include < edit.h >
#lnclude < keys.h >
#include < comport.h >

static int port id, packet-size;

static struct

imt in use, ytine, next;
ubyte *packet;
ushort cut;

)tx, rx;

#define INFOX 5

static hit
init(void),
recv~next(void),
recv-chk(void);

static void
send next(void),
recv-dump(void);

main(int argc, char **argv)

static char rnsgfl
"\nTest keys:\n'

" t Toggles packet send\nm
" r Toggles packet recv\n"

" ESC Stop the test\n"

RtX\nw

corn tXrX.c



cam-txzz.

"Both rx and tx are now off, Hit any key to begin transfer test';

if (inito - - NO) return;

puts~asg); keyjgeto;
gotoxy(1, whereyO-1); cireolO;
tx.yline - (rx.yline - whereyO - 1) - 1;

for (;

if (key hito)

usbort key - keysjetO;
if (key - - 'T) tx. in-use =(tx. in-use ? NO: YES);
else if (key -= -rY) rx.in use - (rx.in-use ? NO: YES);
else if (key -- KEY esc) break;

if (tx.in_use) send nexto;
if (rx.in use && recv-nexto== NO) break;

wxmJ.Port-stop(Jportij,

static int inito

usbort rx size, tx-stze;
long baud;
int parity, stops;

portid - edit integer(Enter port id, 1);

r sie-edit integer("Enter rx buffer:si:: 512);

if (comjort start(port id, rx size, tx size) ==NO)

printf(wCan't start port %d\n", port id);
port-id - 0;
return NO;

cacmtxrx.c
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baud - edit, integer Ioog("Enter baud rate ', 9600);

parity = edit _integer('Enter parity (0 none, I even, 2 odd) ", 2);
parity -(Parity ==0

? COMPORT~parnone
:(parity = I
? COM PORTpar even

:COMPORTjarodd));

stops edit -integer(mEnter stop bits, I or 2 ", 1);
stops =(stops =.=n I ? COM_,PORT stop_: COM-PORTj_stop_.2);

comport set(port id, baud, parity, stops);
com~port~get(port~id);

packet -size = edit integer(Enter packet size *, 32);
if (packet size <4Z) packet-size = 4;

txpacket - malloc(packet size); rx.packet = malloc(packet_size);
if (tx.packet ==NULL IIrx.packet ==NULL)

comjport stop(port id);
return NO;

else

int cnt;
mernset(tx.packet, 0, packet size);
tx.packet[o] = Oxde; tx.packet[l] = Oxad; IIdead
tx.packet[2] = Oxbe; tx.packet[3] = Oxef; I beef
for (cnt = 4; cnt < packet size; cnt + +)

tx.packet[cnt] = (ubyte)cnt;

return YES;

static void send nextO

if (comjportjput(poft id, tx.packetftx.nextj) ==YES)

if (4. + tx.next > - packetsize)

gotoxy(INFQLX, tx.yline); cprintf("%5uw, tx.cnt+ +);
tx.next = 0;

oorn-trX~. C



m mm m mm m mm mm m mmm mm ft mm m m

static int recvnexto

int value;

if ((value - cornj~ortjget(port id)) !-m -1)

rx.packet[rx.next] = (ubyte)value;
if (+ + rx.ncxt > - packet size)

if (recv chkO = = NO)

printft*\nrx %u failed:*, rx.cnt);
recv-dumpo;
return NO;

gotoxy(INFOý_X, rx.yline); cprnutf(*%5u, rx.cut++);
rx.next = 0;

return YES;

static int recv-chko

iut cut;

if (rx-packet[Oj Oxde IIrx-packet[1] 1 Oxad
I I rx-Packet[2J ! Oxbe IIrx.packet[3J1= Oxef) return NO;

for (cut = 4; cut < packet size; cnt+ +)
if (rx.packetfcutj !- (ubyte)cnt) return NO;

return YES;

static void recv~dump()

imt cat;

for (cut = 0; cut < packet-size; cnt + +)

corn-tzrx.c
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if ((cat % 16) 0) printf("n SOUx cat);
pit(%02x", rx.psckotcntD);

fputc('\a', uldout);

CC._t3zX. C



ems toot.

Dinclude <stdio.h>
#lnclude <utdlib.h>
linclude < msm.h >
#include cstring.h>

Ninclude < emm.bh>

7bTese structures ane global because, well, they need to be!

Emm info emm info;
Emm handle emm-handle;

main(int argc, char **argv)

static char Cerra

.EMM ok',
OEMM init failed, error %d~nw,
*EMM handle failed, error %d\n'",
'EMM map failed, error %d\n",
*Usage: emm name [pagesJ\n"

int rc;

*Go ahead, meke my mem!

if (argc < 2) f puts(errs[4j); return;)

rc a nukemyenunm(argvlJ, argv[2D);

if (rc !=a 0) ( printf(errs~re], eumm info.last error); return;)

printf(OEMM handle %d < %s> has %d pages, and is mapped at %04x\n",
emmhbandle.handle, arg~l], amm~handle.pages, emnkinfb.phys.segments[O]D;

if (yes no(*Delete this handle ?*)) eman desroy(&emm,_handle);

emtonst. C



m_test. C

*returnfs:

*0 ok

* I Can't find EMM on this machine
* 2 Can't create memowy handle

* 3 Can't map the memory into physical page 0

make.myemm(char *raw_name, char *makeypages)
{

char name[9J;
ushort pages, handle;

* Fill in the emin info structure, make sure EMM exists on this machine.
*/

emm infoconstruct(&emm_info);

if (! emm info exists(&emm info)) return 1;

"* Look for an existing named memory chunk. If it doesn't exist then make
"* a new chunk of size 1 (16K), and give it a name.
*/

memset(name, 0, sizeof(name));
stmcpy(name, raw name, 8);

if (_emm name find(&handle, name) != 0)
{

if ((pages = atoi(makepages)) > emm_info.pages free)
pages = enminfo.pagesfee;

emm construct.new(&emmhandle, &emm info, pages);
if (emm_exists(&emm handle)) emm name set(&emm handle, name);

else emm constructknown(&emm handle, &emm info, handle);

if (! emmexists(&emmhandle)) return 2;

* Map the memory somewhere (use the first physical page, page 0).

if (emnm_map(&emm_handle, 0, 0) := 0) return 3;

return 0;
)

/* f =f -- ---------- -- - - -- - ====== = w=--

yesno(char *prompt)

m test. c
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char aiusOJ0;

anu(OJ - 0; ucanf('%s', mis);

Meum (ana(OJl Y' I I ans[0J'Y)

em test. c
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binctude <aiio~b>
#include <stdlib.h>
Oinclude <conwob>

int main(int argc, char ""argv)

statc char
maglO] = "Usage: %S map-text map raw\ng.
rnsg2[] = "Can't open file < %s >\n";

FILE "in, *out;

if (argc < 3)
1

printf~usg, arV[O]);
return;

if(Qfn = fopcn(argvf 1], *rt")) ==NULL)

printf(msg2, arg~lJ);
"rturn;

if ((out - fopmn(arg[2J, *wb")) ==NULL)

printf~nug2, aWg[ 2]);
return;

for(;GO

utruct I unsigned char cmd; float longitude, latitude; )point;
int rc;

=c facanf(in, *%d %f %r', &point.cmd, &point.longitude, &point. latitude);
if (rc < 3) break;
fwfite(&point, sizeof(point), 1, out);

map raw, c
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"* I cleanoutpackutsfrom afile. I filter peckets whometinmusweetoo
"* close or too for apat.
"* Usage: pkt~fiIejn fileout pkttype dtalt dgt_

finclude <sdio.h>
#Wcu&e <sdlb.h>

Dlnclude <packeth>
Dinclude <keys.h>
#include <pkt~if.h>

"* These structures are owned by the orb-port-jmicessO routine, and are in
"* the original units: orbiter vectors ate M50 in ft and ft/s, spas vectors ate
"S WGS34 in ft and ft/s.

"* The orbiter time is absolute, 001100:00:01.000 mm1.0 sec + 86400 sec (one
" day). The sWas time is also absolute.

extern Orb~packet orbiterpemcket;
extern Spasjacket spas~packet;

"* This structure is also owned by the orbimtortjocessO routine, and is only
"* used for testing. The vector is WGS84 in m and rn/s. Its time is absolute.

extemn Orbjpakpcket orbiterjpspcket;

static FILE 'Sflle rx, 'Sfile-tx;
static double dt-It, &_Vt;

static char usagelj =
'Usage: %s pkt fib, i file _out pktype dtLt dtjt~n*
"* file in Input file with packets~n"

" file~ow Output file for filtered packet~n'
"* pkttype Packet typ to filte~n'

" dt it Throw out packets < dtlt~n'
" dtgt Throw out packets > dtjt\n';

Nefine BUFFER SIZE 007000

pkt_cln. a
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MwTh armay follows the packet types mnumeration.

typedef struct ( int got one, size; void *packet; double time, "new time; ) Timejnfo;

static Time-info time infosi]

(0),
(NO, sizoof(Orb~pecket), &Orbiter~packet, 0.0, &orbiter~packet.orbiter-vector.timw)
{NO, sizoof(Spas~packet), &spesyacket, 0.0, &spas~packet.spasvyector. time )
(NO, sizeof(OfbWspspcket), &orbiterpspacket, 0.0, &orbiterjpekcket.gps_ývector.time)

main(int argc, char *"argv)

mnt filter-type, type;

if (argc < 6) { printf(usage, argv[0]); return;

if ((file -rx - fopen(argv[l], rfb¶)) ==NULL)

printf(*Can't open file < %s >\n", argv[ I)
return;

setvbuftfile-rx, NULL, _IOFBF, BUFFERSIZE);

if ((file -tx = fopen(argv[2], *wb*)) --= NULL)

printf(*Can't open file < % > \n", argv[2]);
return;

setvbuf(file-tx, NULL, IOFBF, BUFFER-SIZE);

filtertyp = atoi(arV[3]);
dtlIt - stof(argv[4]D;
dtgt - atof(argv[5]);

while ((type - orbporprocessO) > 0 && type < PKTgps)

rame info *info = time info. + type;

if (type mmfilter-typ)

pkt-Cln. c
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{if (info-> got one)

if (*info- > new time < info- > time + dtIt
*I info- > new-time > info-> time + d&t) continue;)

else info- > gotone - YES;

info->time - *info->now time;)

fwrite(info- > packet, info- > size, 1, file tx);

f)ioffile rx);
fclose(file tx);

int orbj.ort..getbO { return getc(fllcrx);}

pkteln. c
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"* I show packets from a file.
"* Usag: pkt_file

Dinclude <stdio.h>
Einclude <stdlib.h>

#include <packet.h>
#include <keys.h>
Ainclude <pkt.if.h>

"* These structures are owned by the orbport_processo routine, and are in
"* the original units: orbiter vectors are M50 in ft and ft/s, spas vectors are
"* WGS84 in ft and ft/s.

"* hne orbiter time is absolute, 001/00:00:01.000 = 1.0 sec + 86400 secs (one
"* day). The spas time is also absolute.

extern Orbjpacket orbiterjpacket;
extem Spas.acket spaspacket;

"* This structure is also owned by the orb.port_.processo routine, and is only
" used for testing. The vector is WGS84 in m and m/s. Its time is absolute.
. *

extern Orbpspacket orbiterps.acket;

extem int orbportpkterror;

* , , =------------------ ---

static FILE *filetrx;

static char usagea] = "Usage: %s pktfile\n";

#define BUFFER SIZE 0x0000

static void
dumppcket(int type),
dumpvector(State vector *sv, char *msg);

pktuhow.c
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main(int &Wg, char **arv)

if (argc < 2) 1 printf(unag, argv[OJ); return;}

if ((file rx - fopee(arsv~lJ, rb")) -- NULL)

pnintf("Can't open file < Ss>\na, argv[l]D;
return;

setvbuf(flle-rx, NULL, -IOFBF, BUFFER-SIZE);

orb~portyescketcheck(NO);

while ((ye=orbjort..processO) > 0 && type < PKTMp)

dump-Packet(type);

fclose(filerjx);

i*t orb~portjeftb ( return getcflle Tx);)

#include <times.h>
Dlnclude <const~h>

Ddefine P05 LOW Fr 21000000.0
odefine P05 MI FT 23000000.0
#dcfine vECL LW FT 10000.0
#define vEL HI FT 40000.0

#define P05 LOW M (POS _LOW_1FT * F7ýTQTOM)
#define Pos WHIM (P05 MI FT * FT TO ~M)
#define VE1_LO-WM (VEL LOWFT * FITTOM)
#define VEW HIM (VELHIFr FT _TO M)

static State vector limits

pktabovw. c
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limit -ft m {POS,_LOWFT, P05_IIIFr)4 VELLOWFl', VEL._HI_Fr))
limitm { POSLOW-M, P05 RIffM (, VEL LOWM, VEL HIM );

static void dump vector(State vector *sv, char "'msg)

char wotk[32];
imt poe_ok, vel-ok;

pos_ok vector-check(&sv- >pos, &Iimit-ft.pos);
vel-ok vector-check(&sv- >vel, &Iimit-ft.vel);

time -dbl~o_string(&sv- > time, work);
fprintf(stderr, "%-6s %s\n", msg, work);

fp~rintf(stderr,"\tpos %9')f %9.Of %9.0f", sv->pos.x, sv->pos.y, sv->pos.z);
if (pie ok = = NO) fputs(" ERR", stderr);

forintf(stderr,"\tvel %9.Of %9.Of %9.0f", sv->vel.x, sv->vel.y, sv->ve!.zj;
if (vel -ok = = NO) fputs(* ERR", stderr);
fputc('\n', stderr);

static void dump~packet(inttpe

switch (ye

case PKT orbiter:
dump_ývector(&orbiterjiacket.orbiter-vector, 'Orb*);
dump_ývector(&orbiter~paket.targct_vector, *Tgt*);
break;

case PKT ýspas:
dump vector(&spasj~acket.gps_ vector, "Spas");
break;

cas PKTgps:
break;

default: break;

pkt-show.c
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#Include < stdio.h >
#include <stdlib.h>

EAnclude < keys.h >
#lnclude <packet~h>
#include <pktif.h>
#lnclude <tanspkt.h>
Iinclude < times~h>
#lnclude <const.h>

Orbjgps~paket orbiterjgpsjacket;

static int my-terminate = NO;

static FILE *my file;

static int my-file done = NO;

static void
do~file(char *name),
main key yroess(void);

int tans~port~getbo

int rc;

if ((rc = fgetc(my file)) ==EOF) my_ file done =YES;

return rc;

main(int argc, char **argv)

static char msgfl =
"w\n~hese keys active during program:\n"

ESC stops program\n"

tan._v2. c
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"~\nHit any key to begin";

if (aup < 2)

printf(*Uaage: '%a tans-fulel .. tans-fileN\n", argv[O]);

reun

puts(msg); keysetO;

for (argv ++; argc > 1, argv ++argc-)

do-file(*argv);

if (my terminate) break;

#define MTOKILOFT (MTOFT/lOOO.O)

static void do-file(char *name)

if ((my file = fopen(name, "rb')) = = NULL)

printf(*Can't open file <%s >\nw, name);
return;

printf("File <%s>\n", name);
my-file done = NO;

for (;

char work[24];

if (key hitO) main keyjproceasso

if (my terminate IImy file done) break;

tansv2. c
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if (tansport~proceuso - = NO) continue;

time-db-to-strinjg(&orbitergpspacket.gps_ývector. time, work);

prnnftf"Time %s\n", work);

printf(" Pos (kmn): % 10.3f % 10.3f % 10.3f\n',
orbiter _gpsjiacket.gps vector.pos.x / 1000.0,
orbiter_ gpsjpacket.gps_ývector.poa.y / 1000.0,
orbiter_ gpsjket.gps_ vector.pos.z / 1000.0);

printf(* Pos (kft): % 10.3f % 10.3f % 10.3fni'.
orbiter gSpsjpacket.gps vector. pos. x * M-TOKI3LOFr,
orbiterjpspaket.gps_vector.pos.y * M-TO-KILOFT,
orbiter _gpsjacket.gps vector.pos.z * MTOKILOFI');

printf(" Vel (mis): %10.3f %10.3f % 10.3f\n",
orbiter gpsjyacket.gpsý_vector.vei .x / 1000.0,
orbiter gpsj~acket.gpsý_vector.vel.y / 1000.0,
orbiter gpsjyacket.gpsý_vector.vel.z / 1000.0);

printf(" Vel (kftls) %10.3f %10.3f % 10.3f\n",
orbiter_gpsjacket.gps-vector.vel.x *MTOKI3LOFTr,

orbiter gpsyacket.gpsý_vector.vel.y *MTOKILOFT.

orbiter gpsjpacket.gpsý_vector.vel.z *MTOJ-EMOFT);

fcose(my-file);

*------ --------- ---------------- ------ ---------------------- -

static void main-keyjprocess()

int key = key_getO;

switch (key)

case KEY esc: my-terminate = YES; break;

tans-v2. c
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Dinclude < stdio.h >
#lnclude < stdlib.h >

#lnclude < keys.h >
#include < tmnj~t.h >
#lnclude < pkti~h >
#lnclude <mwp~h >

*Week 697 is 16 May 1993.

static int my terminate = NO;

static Tans..paket myj~acket;

static FILE *my_ file;
static int my file-done = NO;

static Tans~pkt21_41 myypacket 41;
static TansWt43 myjacket_43;
static Tansykt_83 myjacket_83;

static void
dofile(char "'name),
main keyyrocess(void),
process~packet_41 (void),
piocessjackeL43(void),
proce~ssjpcket_83(void);

int tansj.ort~jetbO

int rc;

if ((rc = fgetc(my file)) ==EOF) my file done YES;

return rc;

tans-vec-c
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.uzn(int aup, char *argv)

static char usiD-
'\nThese keys active during prognam\n"
a ESC "tp pwra=\nw
*\nffit any key to begino;

if (arc < 2)

printf("Usage: Ss tans-fulel .. tans-fiie~n", argv[O]);
return;

putamsg); key getO;

for (argv ++; argc > 1; argv ++argc-)

do-flle(1 argv);

if (my_ termninate) break;

static void do _file(char *name)

if ((my file = fopen(name, "rb")) ==NULL)

printf(*Can't open file < %s >\n", name);
return;

pnintf("File <%s>\.n", name);
my-file done = NO;

*1
for GO;

if (key hitO) main..key~processO;

if (my_ terminate I my file _done) break;

tan._'lOC.C
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if (tans-packet-recv(&my-packet) -=NO) continue;

if (myjmcket.state ! - TANSstae~packet ok) continue;

switch (my~packet.raw~l])

casw 0x41: procenspacket_410; break;
case 0x43: procmspacket 430; break;
case 0xM3 proceasspacket 830; break;

default: break;

fcose(my file);

static void mainkeyyprocess0

int key = key~geto;

switch (key)

case KEY esc: my_terminate =YES; break;

static void processjpacket 41

int size;
Tansjpkt_21 41 *packet;

Ph

size = my~packet.cooked size - sizef(Tansjpkt head) - sizeof(Tansjkt_ tail);

if (size ! = sizeof(Tansjkt_21_41)) return;

packet - (Tans~pkt _21 41 *XinyJpaket.cookecI + sizeof(lTans..pkt bead));

tans-vecc
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swap float&packet-> secs of week, &packet->uecs of week);
rap~float(&packt- > gs_utc_offset, &pecke->glt ffe)
rnapsbort&packet- > week, &packet- > week);

printf(wTirne: Week Sd, amc %f, utc offset Sf~a', packet->week,
packet->nacs of week, packet-> gps utc offset);

my~packet41 - *packet;

I/NOTE: convert UPS time to UTC

static void process~packet_43()

int size;
Tansjpkt_43 *packet;

size = myj~acket.cooked size - sizeof(ransjpkt_head) - sizeof(Tnsjykt tail);

if (size ! = sizeof(Tansjpkt43))

printf(*Velocity pkt size %d~n*, size);
return;

packet = (Tansjpkt_43 C(my~packet~coke + sizvof(Tansjpkt head));

swap_ float(&packet- > ol time, &packet-> aol -time);
swap tloat(&packet-> vel~x, &pocket-> vel.x);
swap float(&packet- >vel~y, &packet- > vel.y);
swap float(&packet- >vel.z, &packet- > vel.z);
swap float(&packet- > gigo, &packet- > gigo);

printf(*Velocity (m/s): % 10.3f %l10.3f %l10.3f (% 1O.3f)\n*,
packet-> vel.x, packet-> vel.y, packet-> vel.z, packet-> gigo);

myjpacket-43 =Cpacket;

if (myjpacket-41.week != 0 && myjacket.43.sol-time = = my~packet_83.soi time)

tailsvOC.c
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//NOTE: Sot poe and vel now, use pkt_41 UITC with pkt_43183 sol time

typedef stnuct ( Vector pox; double gigo; float sol-time; )Tans~kt 83;

static void proceasspacket_830

imt size;
Tansj*t_83 *packet-,

size = myj~acket.cooked size - size f(ansjkt head) - sizeof(Tansjpkt_tail);

if (size !=- sizeof(Tanspkt,_83))

printf(*Position pkt size %d\n", size);
return;

packet = (Tans~pkt 83 *)(myypacket.cooked + sizeof(Tans~pkt head));

swap float(&.packet- > sol -time, &packet- > aol_time);
swap double(&packet- >pos.x, &packet- > pos.x);
swap double(&packet- >pos.y, &packet- > pos.y);
swap double(&packet- >pos.z, &packet- > pos.z);
swap double(&packet- > gigo, &packet- > gigo);

pnintf("Positicm (kin): %10.3f %10.3f %10.3f (%10.3f)\n",
packet->pos.x / 1000.0, packet->pos.y / 10,00.0, packet->pos.z /1000.0,
packet- > gigo);

my-packet-3 = *Packet;

pe

if (mypacket_41 .week !=0 && my~paket-43.sol-time ==myj~acketý83.soltime)

I/NOTE: Sot pos and vel now, use pkt 41 UTC with pkt-43/83 aol time

tans yea * c
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hAnclude <stdio.h>
#include < stdlb.h >

Oinclud. <keys~h>
#include <Wnapkt.h>
Dinclude <pktifth>

*Week 697 is 16 May 1993.

static int my terminate = NO;

static Tans~packet my~packet;

static FILE *my~file;

static void
main keyjmrocess(void),
duwnpit(char *titlel, char *title, ubYte *data, ushort bytes);

int tansportjetbO ( return fgetc(my file);

Tanspecket;
ubyte mawflANS PKT SIZE RAW], cooked[TANSPKTSIZECOOKED];
int raw size, cooked-size, state;

nmin(int argc, char '*argv)

static char amsg[]
*\n~hese keys active during program~n"
aESC stops progam~nw

P~~tany key to begin";

if (argc < 2)

printf('Usage: %s tans-data-fileWn, argv[OJ);

tansduW-.
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if ((myjfil - fopem(argv[lJ. 'rb*)) - - NULL)

printf(*Ca't open file < Ss>\n*, argV[1D;

puts(msg); key~geo;

Ph

for (;

if (keyhito) main key~prcesso,

if (my terminate) break;

if (tans~packet~rocv(&myjpacket))

if (my~packet. state ==TANS statepamcket ok)

static ushort pktcnt;
pktcnt+ +;
printf(*%5u recv %02x = %3d bytes:". pkt_cnt, my~paket.maw[l],

my~paket.cooked -size - 4);
dumnp it(w ", "\t\t\t ", my~paket.cookod+2, my~packet.cooked-size-4);

else

dump it(*bad pkt, "Vt", myjpacket.raw, my~paket.raw size);,

Mcoee(my-file);

static void main_key~proceaO

int key = key-setO;

tanoudmp. c
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switch (key)

case KEY esc: my terminate = YES; break;

static void dump it(char *titlel, char *tidle, ubyte *'data, ushort bytes)

ushort cnt;

for (cnt - 0; cot < bytes; cnt ++, data++)

if ((cnt % 16) =-0)

if (cnt 0) printf( %s ", titlel);
else printfC'\n%s ', title);

printf(" %02x", *data);

fputc('\n', stdout);

tanadump. c
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#Include < stdlib.h >
Dinclude <atdio.h>
Dinclude <coniobh>

A~nclude <keys~h>
linclude < edit-rt.h >
Ulnclude < times~h>

extern int
inain~key~handler(int),
main,_display init(void),
test key hmndler(int),
test_display init(void),
test report(void);

static int (*my ey handler)(int) =main key handler;

static int terminate = NO;

maino

main,_display imtO;
for (;

if (kbhito)

key-processO;
if (terminate) break;

gotoxy(1, 15);
test reporto;
test timeO;
tedivwhkso;

toot. C
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static int keyproceua(void)
{

int it, key - getchO;
if (key -- 0) key - tchO + OxlO0;

vc - (*myjkeyhandlerXkey);

if(rc - 2){
mykey handler = main keyhandler;
maindisplay-inito;

}

* Returns:
* 0 Didn't use the key
* I Used the key

* 2 Used the key, My subsystem is done

static int mainkkey_haudler(int key)
{

switch (key)
{

case KEY eac:
terminate = YES;
return YES;

cane KEYmfn:
if (test displayinitO - = YES)

mykeyhandler = testkeyhandler;
return YES;

}
return NO;

typedef struct { int row, col; char *text; ) Label;

mainkdisplayiitO
{

static Label labels[l =

{ 6,16, 'Simulator ... yakity yak ... grumble grumble'),
{10, 6, "FI - test edit 1V),

test. C
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(12, 6, *ESC Exito),

(0, 0, NULL)

Label labe;

cirscrO;

for (label -labels; label- >text !=NULL; label + +)

gotoxy(label- > col, label- > row);
cputs~abei- > text);

jut test -time()

double time = ((((20 *24) + 2) *60.0) + 15) *60.0 + 5.125;
char work[25];
int day,bour,min,sec;

Timne dbms dhms;
double time2;

day = (int)(time/86400.0);
hour= (int)((time-day*86400.0)I36O0.0);
min= (int)((timecday*86400.0-hour*3600.0)/60);
sec =(int)(time-day*86400.0-hour*3600.0-min%60);

printf("brute force: %03d1%02d: %02d: %02d\n", day,hour,min,sec);

printf("time routine: %s\n", time dibl to strang(&time, work));

time dbltodhms(&time, &dbms);
prinf(-time-to-hms: %03d1%02d:%02d:%02d. %03d\n",

dbms.days, dhms.hours, dhms.mins, dhms.socs, dhms.msecs);

time~dbms to dbl(&dbms, &timc2);
printf("timel -%lg\.n, time);
printf(Mtime2 %lg\n*, time2);

test. c



toout-coM.C

#includc <stdio.h>
#include <coniobh>

#include <edit~h>
#lnclude <comp~ort.h>

static int init(void);
static void test-set(int), test rx(int), test tx keys(wnt), test-tx-file(int);

static void (*testsfl)(int) = ( test-set, test-rx, test-tx_keys, test-tx-file }

#define TESTS (sizeof(tests)/sizeof(void )

static char labelt]
"*\a 0 exit"
"\n 1 Baud-set test"
"\n 2 Rx test"
"\n 3 Tx test - keys"
"\n 4 Tx test -file"
"\nwhich test:";

---------------------------

main(int argc, char **argv)

mnt port id, test;

if ((port id = inito) = 0) return;

for (;

printfoabel); scanf(" %d", &test);
if (!test I I test >TESTS) break;

) *et~etl)pri)

comyort~stop(,portid);
return 0;

teat-cou.c
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static int inito

int port -id;
ushort rx,_size, tx-size;

port_id = edit integer(*Enter port id ~,1);
rx -size = edit-neW"ne xsz 1)
tx~stze = edit~it:gr(*ntrx tKsz 512);

if (comjport start(port id, rx-size, tx size) ==NO)

printf(OCan't start port %d\nw, portý_id);
port-id = 0;
return 0;

return port id;

static void test set(int port id)

long baud =edit integer lIong("Enter baud ,9600);
int parity =edit -integer("Enter parity (0 none, I even, 2 odd) ,0);
int stops =edit integer(*Enter stop bits, I or 2 ", 1);

parity = (parity = = 0
? COM_PORTjpar none
.(parity ==
? COMPORT~par even

:COM_ PORTWar dd));

stops = (stops = = I ? COMPORT stop 1 COM-PORT_stop_ý2);

com..portset(port~id, baud, parity, stops);

static void test rx(int port id)

char "'filename = edit text("Enter dump file (blank for none) ", "rx.dat");
FILE *'dump;

tout-com.c



dump - (filename[O] ? fopen(filcname, 'wb") NULL);

puts(*Hit any key to stop');

for GO;

imt value;

if (kbhitO) { if (getcho - = 0) getcho; break;
if ((value = comjport~get(jport id)) = 1) continue;

printf(" %02x", value);
fputc(value, dump);

if (dump ! = NULL) ( fflush(dump); fcose(dump);)

static void test tx keys(int port~id)

puts("Hit any function-key to stop");

for (;

int key;

if (! kbhito) continue;
if ((key = getcho) = = 0) key =getchO + OxlOO;

if (key > OxlOO) break;
comjportjput(portid, key);

static void test tx flle(int port _id)

char efilename = edit txtEnter file name ,"rx.dat");

FILE "'file;
int got~value, value;

t*t1O.
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if (fileamme[O] 0) return;
if ((ile - fopm(filename, rbw)) =-NULL)

printf( Can't open < %s>\no, filenamec);
return;

puts("Hit any key to sto');

got value = NO;
for (;

if (kbhito) { if (getcho= 0) getcho; break;)
if (got value = = NO)

if ((value = fgetc(flle)) ==EOF) break;
got value = YES;

if (coinportjput(port~id, value)) got value =NO;

fclose(flle);

teat_005.0



Dinclude < stdio.h >
Dinclude < coniobh>
#include < fcntl.h >
#includc <io.h>
Elnclude < alloc~h>

Ainclude. < vector.h >

extern int test-write(int), test~read(int), test_ioctl(int);
int (*tests[])(int) = ( test write, test_read, test joctl }
#define TESTS (sizeof(tests)/sizvof(void*)

char label[] =
*\n 0 exit\n 1 write test~n 2 read test\n 3 ioctl test\n"
nwhich test:"';

#define 0_RDWR BIN (OLRDWR 0_CBINARY)

#define FILEISDEVICE 0X0080
#define FILEIS RAW 0x0020
#define FILE SET BITS OxO~ff

mamn(int argc, char **argv)

int handle, status, test;

if (argc < 2)

printf("Usage: %s device name~n", argv[O]);
return;

printf(0~pening device < %s >\n*, argv[1D);

if ((handle = open(argv[1], 0 RDWR BIN)) < 0)

printf("Can't open device < %s >\n", argv[l]);

test dev. c
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return;

*If file is a device, place that device in *raw" mode.

status = ioctl(handle, 0, 0,0);

if (status & FILEISDEVICE)

status = (status & FILESETBITS) I FILEISRAW;
iocti(handle, 1, status,0);

for GO;

printf(Iabel); scanfw%dw, &test);
if (!test I I test >TESTS) break;
(*tests[test.. I])(handle);

I f file is a device, place that device back in "cooked" mode.

if (status & FILEISDEVICE)

status &= - FILE-ISRAW;
ioctl(handle, 1, status,0);

I
close(bandle);

test~wnte(int handle)

struct { char name[SO]; kit handle; ulong size; )file;
ubyte *buffer. *bptr;
ushort bsize, ent;
int bytes, rc;

printf("enter filename: "); scanf(*%s', file.name);
if ((file.handie = open(file.name. 0_RDWRBIN)) < 0) return;

tout-dev.c
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ftie.size - Iseek(file.handle, OL, SEEk END);
Iseek(file.haadle, OL, SEEIKSET);
printt~tile < Ss> is Sid bytes~ng, file.name, file.size);

buffer - malloc(beize WOW40);
if (buffer - - NULL) {close(file.handle); return;

for (cnt-=O, bytes = 0;)

if (bytes < -0)

bytes = read(file.handle, buffer, buize);
if (bytes < =0) break;
bptr = buffer;

rc = write(handle, bptr, bytes);
if (rc > 0)

cnt+ +;
bptr + =rc; bytes -- rc;
printf(*\r%3d wrote %d bytes\n", ont, rc);

if (kbhito) break;

close(file.handle);
free(buffer);

test red(int handle)

struct ( it handle; ushort size; )file;
void *local;
int rc;

printf("enter size: "); scnf(*%iw, &file.size);
if (file.size = = 0) return;

if ((local = znalloc(file.size)) ==NULL) return,
if ((filc.handle -open("test.dat", 0 RDWVR BIN I 0 _CREAT, 0666)) < 0) return;

teat dov. c



for()

vc - read(handle, local, file azas);
if(ire > 0)

pnintf("read %d bytes\n*, rc);
write(file.handle, local, rc);

if (kbhitO) break;

close(file.handle);
frveslocal);

test ioctl(int handle)

struct { int typ; ubyte dataf 1]; )msg;
int rc;

for (;

msg-type = 4;
strcpy(msg.data, "123456789");
rc = ioctl(handle, 2, &msg, sizeof(msg));
printf("ioctl %d bytcs\n*, rc);
break;
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Dinclude <stdio.h>
Dlnclud. <wmbh>

Dinclude <vector.h>
Dinclude <caiist.h>
Dinclude <orbmechl.h>

double m5Oefe[3][3J, iloed t epoch;

extern void
vectcnv(double time, Vector 4'eef r, Vector ecef v, Vector in50 r, Vector *mS0_v, int fig);

Odefine ECEF TO M50 0
#define MSO TO ECEF 1

Odefine MSO TO WGS94 0
Odefine WGSS T-O MSO I

static State-vector transform mSO-ecef;

static int
load matrix(void);

static void
show-vector(State vector %v, char Clabel),
show -vector diff(State vector %vl, char 'label, State vector *'v2),
show -transform(State-vector-transform %vt, char *labecl),
read vactor(Sotvatevctor %v, double *dtime, int *time-rel);

static void
test_set_cef~vector(void),
test old ecef to m5O(void),
test new ce t mSOvoid),
testnpsecef to~mSO(void),
test d-set 0vector(void),
test old .50 to ecef(void),
test new m5O to ecef(void),
testnpsm5toecef(void),
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tests- bowtransforms(void).

test make ftansform(void);

void (*testsfXvoid)

teatset gcef vector, teat old ecef to . 50, test new ecef to-uS, lest -nps eceto-m50,
test se .A 50 -vector, test-old-m50wtoecef, test-new_.50ý_toecef, test nps .50_-to -ecef,
test -show transforms, test-make-transform

#define TESTS (sizeof(tests)/sizcof(void*)

char labelil =
"W\a 0 exit"
"*\n I set ecef vectoru "\t 5 set .50 vector"
"O\n 2 old ecef-to-mS0" N\ 6 old .50-to-ecef-
"O\n 3 new ecef-to-m50" N\ 7 new .50-to-weef
"*\n 4 NPS ecef-to-m50" "\t 8 NPS .50-to-ecef-

"*\n\t\t\t 9 Print transforms"
"*\n\t\t\t 10 Update transform"

"\nwhich test:";

typedef struct
I

State vector vector;
double dtime;
int time-rel;

)My vector-info;

static My vector info ecef

(913061.83 * M -TO -Fr, -5527811.25 *MTOFT. 3037681.65 *MTOFT)

{0.0, 0.0, 0.0)
0.0

0.0, YES

static My vector info .50

(11694900.0, -14218100.0, 9917380.0)
(1044.00562, 843.50684, 4.32033 ),
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0.0

0.0, YES

naain(int arp, char **argv)

mnt test, year,

if (load matrixo NO) return;

printf('Enter year:*); scanf(*%d", &year);
bgpropjear(year);
if (bgpropWnto== NO) return NO;

for (;

printf(ambel); scanf(*%d", &test);
if (ftest I Itest > TEST) break;
(*ests[test..1])O;

static imt load matrixo

char name[80];
FILE elload;

pnintf("Enter Blond filename:'); name[0] =0; incanf(*%s", name);
if (name[O] = = 0) return NO;

if ((iload = fopma(nanie, 'r')) ==NULL) return NO;

fscanffiload, '%Iem, &iloadLepoch);
ficanf(iload, "%Ie MIe %lc Mec %le %le %le Mle %le',

tootvoc. C
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&mSO~fe[OJ[O], &mSefe[O][l1J &in5Oefe[O][2],
&m5Oefe(ij[OJ, &m3oefe(l][l], &m5Oefe(ij[2],
&nMOefe(211O], &m5Oefe[21111, &m5Oefe[j2[2]);

klose~iload);

m50-ecef.time = iload-tepoch;
memncpy(m50 ecef. matrix, m5Oefe, sizoof(mSp~ecef. matrix));

reur YES;

static void show-vector(Stat_vector *'v, char *label)

static char fmntlfl

" %13.3If x %I1i.5lf xdot\n"
" %13.3ify %il.Slfydot\n*
" %13.3lfz %Il.Slfzdot\n*

"O % 13.31f wag %11. 5lfmag\nM

"O time %lf\n";

printf(finti, label,
v->pos.x, v->vel.x, v->pos.y, v->vel.y, v->pos.z, v->vel.z,
vector-magmitude(&v- >poe), vector magnitude(&v-> vel), v- >time);

static void show-vactor-diff(Stevector *vl, char *label, State-vector *v2)

static char fmntiD

a% 13.31f x %lIl.51fxdot % %13.3lf x %Ii1.51f xdot\n"
"O % 13.31f y % I1.1.Sfydot % %13.31f y %lIl.5lf ydot\n"

0% 13.3lf z %Ii1.51f Mot % %13.31f z % I1.51f zdot\n"
"* % 13.31f wag % I1.5If mag I% 13.31f mag %Ii1.5lf mag~n"
, time %li\nw;

State-vector delta;

vector diff(&v 1-> pos, &v2- >pos, &deita.pos);
vector diff(&vI- >vel, &v2- >vel, &delta.vel);
printýfmfiti, label,

vi-> pos.x, vi-> vel.x, delta.pos.x, delta.vei.x,
vi->pos.y, vi-> vel.y, delta.pos.y, delta.vel.y,
vi->pos.z, vl->vel.z, delta.pos.z, delta.vel.z,
vector magnitude(&v 1-> poe), vector magnitude(&vl -> vet),
vector magntude(&delta. poe), vector-maontude(&delta. vel),
v I- > time);
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static void show transform(Statevector Utrasform *svt, char *label)

static char fmt(O
"Ss time: %2Olfin"
"\t%201e %20le %2Ole~n*
"\t%20le %20le %201c\n*
*\t%20le %201e %201e\n';

printf(fmnt, label, svt-> time,
svt-> matrix[O](O], svt-> matrix[O][I1, svt-> matrix[O][2],
svt- >matrix[ 1][0), svt-> matrix[IUjI], svt-> matrix[I][2),
svt- >matrix[2J[O], svt-> matrix[2J[ 1], svt-> matrix[2][2]);

static void read vector(State vector *v, double *dtirne, int *time Tel)

char answer[SO];
int is meters;

show vector(v, *Existing vector:');
printf(' dtime %lf'n*, *dtime);

printf("Change vector ? "); answer[O] = 0; scanf("%s", answer);
if (answer[0] m'y')

printf("Enter meters or ft ? "); answer[O] = 0; scanf(s"W, answer);
is-mer = (answer[O1 = ='m' ?YES :NO);

printf("Enter x y z Mdot ydot zdot: ");
scanf('%lf %if %if %If %If %If", &v->pos.x, &v->pos.y, &v->pos.z,

&v->vel.x, &v->vel.y, &v->vel.z);

if (is-meters)

v->pos.xm MTO-Fr; v->pos.y ~=MTOFr; v->pos.z *= M TOFr;
v->vel.x *=M TOFr; v->vel~y "MTOFlr; v->vel.z *= M TO Fr;

teat-vec.c
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printf("Chanse time ? "); answer[O]- 0; scanf('%s", answer);
if (answer(O] 'y'

printf("Enter absrel time:')
answer[O] = 0; scanf(g%s %if", answer, dtime);
if (answer[OJ - - Yr) *'time -ret = YES;
else if (answer[OJ 'a') "time-ret - NO;

show -vector(v, *Vector in fi");

static void test-set-ecef-vector(void)

read -vector(&ecef. vector, &ecef.dtinie, &ecef.time-ret);

static void test-old-ecef to-m50()

State-vector m50_new;

if (ecef.time-ret) ecef.vector.time = iload_t~epoch + ecef.dtime;
else ecef. vector. time =ecef~dtime;

vectcnv(ecef . vector. time,
&.ecef.vector.pos, &ecef.vector.vet,
&m5O_new.pos, &mSO-new.vel, ECEFTOMSO);

m30_new.time = ecef.vector.time;

show -vector(&ecef. vector, "Vector ECEF");
show_vector-diff(&m50 _new, "Vector M50\t\t\t\t\tM5O - Ref M50", &xn5O.vector);

static void test new-ecef to-mSOO)

Stae-vector m5O new;

if (ecef.time-ret) ecef.vector.time = iloadtLepoch + ecef~dtime;
else ecef.vector. time = ecef.dtime;

state -vector__ecef to-m50&ecef. vector, &m50_new, &m50_ecef, YES);
m50-new.time = ecef~vector. time;

show -vector(&eccf.vector, "Vector ECEF");
show-vector-diff(&m50 new, "Vector M5O\t\t\t\t\tM5O - Ref M30", &mSO.vector);
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static void test-nps-ecef to-m50

State vector m:50_new;

if (ecef~time-rel) ecef.vector.time = iloadtLepoch + ecef.dtime;
else ecef.vector.time = ecef.dtime;

m5O~wgs&4_mSO(&ecef~vector, &m50_new, WGS84 TO M50, NULL, YES);
m5O new.time = ecef.vector. time;

show vector(&ecef. vector, "Vector ECEF");
show_vector-diff(&mSO-new, "Vector M50\t\t\t\t\tM5O - Ref M50", &m5O.vector);

static void test-set-m50_vector(void)
I

read-vector(&m50.vector, &m50.dtizne, &niSO.time-rel);

static void test-old-in5O-to-ecefO

State-voctor ecetf new;

if (m50.tirne-rel) m5O.vector.time = iload_t epoch + ni5O.dtime;
else m5O.vector.time = m50.dtime;

vectcnv(m50. vector. time,
&ecef new.pos, &ecef new.vel,
&m5O. vector. pos, &mSO. vector. vel, MSOTOECEF);

ecef new.time = m5O. vector. time;

show-vector(&mSO.vector, "Vector M50");
show-vector-diff(&ecef new, "Vector ECEF\t\t\t\t\tECEF - Ref ECEF", &ecef.vector);

static void test-new-mSO-to-ecefO

State-vector ecef new;

if (m5O.time-rel) m50.vector.time = iload_t~epoch + n5O.dtime;
else m50.voctor.time = m5O.dtime;

state -vector__m50_to_ecef(&mSO. vector, &ecef new, &m50ý_ecef, YES);
ecef new.time = m5O. vector. time;
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show vector(&MO. vector, 'Vector M50");

show vector-diff(&ecef new, NVector ECEF\t\t\t\t\tECEF - Ref ECEF*, &Dcef.vector);

static void test~npsm05OtoýecefO

State-vector ecef new;

if (mSO.time-rel) ni5O.vector.time = iload-Lepoch + m50.dtime;
else m50.vactor.time = m50.dtime;

m5O~wgsg4_mSO(&m50.voctor, &ecef new, M50_TOWGS84, NULL, YES);
ecef new.time = mSO.vector. time;

show vector(&mSO. vector, "Vector M50");
show-vector-diff(&ecef~new, "Vector ECEF\t\t\t\t\tECEF - Ref ECEF", &ecef.vector);

static void test-show transformso

State -vector ecefgigo;
State-vector-transform ecef m50_new, m50_ecef new;

if (mSO.time-rel) m50.vector.time = iloadtepoch + m50.dtime;
else m50.vector.time = m50.dtime;

m5O -wgs84_m5O(&m50.vector, &ecef gigo, M50_TOWG584, &m50_ecef new, YES);
show-transform(&m5O-ecef new, "Computed M50 to ECEF");

state 7vector__rotate-m50 ecef(&m50_ecef, m50.vector.time, &ecef m50_new);
mastrix -transpose(ecef in50 new. matrix, m50_ecef new, matrix);
M50_ecef new.time = ecef m5O-new.time;
show; tran-sform(&m5O-ecef new, "I-Lo~ad M50 to ECEF");

static void test make-transformo

State-vector m5Ojggo, ecefjigo;
State-vector-transform m50_ecef new;

ni5O~gigo = m5O.vector;
printf("Enter abs time: ');
scanf("%lf", &mQjigo.time);

m5Owgs84_mSO(&mSQjigo, &eccf~gigo, M50_TOWGS84, &m50_ecef new, YES);
show transform(&mSO ecef new, "Computed M50 to ECEF");
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M50Oof - .50 ecf new;
iloa t-epocb = mSO-ecef. time;
wemcpy(zn5Oefe, m,50ecef-matrix, sizeoftm,5O_ocef- matrix));
show transform(&m.50 swco, "I-Load M50 to ECEP");
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linclude <stdlib.h>
#include <stdio.h>
Dinclude <coniobh>

#include <keys~h>
#include <edit-rt.h>

static int intl = 10, int2 =33;
static double dbIl = 3.14159265359, dbl2 =1.414e20;

*...123456789 123456789 123456789 123456789 123456789 123456789
*1
*2 Hello There
*3
*4 Int1: X
*5 Int1: X
*6
*7
*8 dbl1: X dbl2: X
*9

* ~~~ --------- - - --- ---------

static Edit label my labelsi]

( 2, 4, "Hello There"),
( 4, 4, "Int1: "),
( 5, 4, "Int2:"),
( 8, 4, "dbl 1: ),
(8,34, *dbl2:")

#define LABELCOUNT (sizeof(my labels)/sizeof(Edit-label))

static Edit-field my fieldsj]

{4,10, edit -field~get mt. edit field~put mt. edit field key-int, &intl )
{5,10, edit field get int, edit -field~putint. edit field key mnt, &int2)
(8,10, edit field~get dbl, edit-fieldjput dbl, edit field key dbl, &dbll )
{8,40, edit fieldjgetdbl, edit-fieldjputdbl, edit field~key~dbl, &dbl2}

#define FIELJDCOUNT (sizeof(my fields)/sizeof(Edit field))

static Edit__screen my screen-
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LABEL-COUNT, my labels,

FIELD_COUNT, my_fields

* Returns:
* 0 Didn't use thekey
* I Used the key
* 2 Used the key, My subsystem is done

int test key__hiandler~int key)

return edit-screen key handler(&my_screen, key);

test,_display initO

edit -screen-init(&my screen);
return YES;

mnt test reporto

printf("dbli: %lg\n", dbll);
printfQ'dbl2: %lg\n\n", dbl2);

too tl. c



test2 .c

Iinclude <conio.h>
#include < grphics.h >

#define FONT-SIZE 4
#dctine HORIZDIR 0

min test graphicso

int gdriver = DETECT, gmode, font;
int base, cnt;
char work[40], *wptr;

printf(*\n\nEnter font # "); scanf("%d", &font);
initgraph(&gdriver, &gmode, **);
settextstyle(font, HORIZDIR, FONTSIZE);

for (base=O0; base <256; base + =16)

for (wptr = work, cnt = 0; cit < 16; cnt ++ wptr + 2)

if ((wptr[O] =base + cnt) ==0) wptr[0]=
wptrtl]='

clearviewporto;
outtextxy(2,2, work);
getcho;

closegrapho;
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Ilnclude <wAsth.h>

extern double m5Oefe[3J[3], ilodt~epoch;

extern void
dmvinul(double m[3][3], double vI[3], double v2[3]),
eftoan5O(double time, double inefmsO[3)[3D),
dxpose(double mn[3][3], double mt[3][3]);

#ifdef GIGO
static show vector(char *title, double v[3))

pr'antf("%s\t%201f %201f %201f\n*, title, v[0J, v[1J, v[2J),

static show-matrix(char *title, double m[3][3))

static char fmntl]
'%s\t%201f %201f %2Offinw
O\t\t%20lf %20lf %201f\n"
"\t\t%201f %201f %201f\n";

printf~fit, title,
m[O][O], m[O][11, m[01[2],
m[lJ[O], m[I][lJ, m41112],
m[2][0], m[j2][1), m[2][2]);

#cndif GIGO

"*flg=O0 ECEF ->M50
"*figl= M50 ->ECEF

void vectcnv(double time, double r ecefT3], double v _ecef[3], double r mSO[3], double v MS0 3], imt fig)

double Earth-Rate = 7.29211514646*-5;
double omega[3], omegaxrf 3], mwfm-o43J[3];
double vtemp[3], mmS~eff3X[3];

eftoin5O(time,mefin5);

omegaIO] = Earth Rate * .50t f-42][0];
omegaf 1 - Earth-Rate * in5Oefe[2][1];
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omega(2] - Earth-Rate *mSRefe[21[2];

if (fig -0)

dmvmul(mefm5O.rTecef,r'-m5O);
omegaxr[OJ = omsga[I]*r mS5%2] - oinega2J*r m50f 1];
omegaxr[l] = omegaj2]*r miO(O - omegafoJ*r~mSO2];
omegaxr[2J - omep[0]*r m50j1] - omega[ I]*r~m5O[OJ;
dmvmul(mefmn5O,v-ecef,v~MS);
v~mSO(0] + = omegaxrfO]; v~mSOflJ + = omegaxrf 11; v~m5O[2J omegaxr[2J;

else

omegaxr[0] = omega[ 1]*r _m50[2) - omega[2] 4rm5O[I];
omegaxrf II = omega[2]*r m50[0J - omega[OJ*rjnsO[2J;
omegaxr[2] = omega[O]*F m50(1] - omega[ lj*rm5O[OJ;
dxpose(mefmsO,mm5OeO);
dmvmui(mm50ef,r.mSO,r-ecef);
vtemp[O] = v _m50[O] - oniegxr[O];
vteuip[1J = v M50[1] - omegaxuf 1;
vtemp[21 = v m50[2] - omegair[2J;
dmvmul(mm5Oef,vteznp,v~ecef);

void eftomS0(double time, double mefin5[3J[311)

double delt, clam, slam, lam;
double earth-rate = 7.29211514646e-5;

deft = time - iload~tepoch;
lam = earth-rate*delt;
clam = cos~lam);
slam = sinflam);

mefm50[0][0] = m5Oefe[O][0I*clam + m5Oefe[I][0]*slam;
mefm50[0][l1 = -m50efe[0][0]*slam + m5Oefe(1][0]*clam;
mefm50[0J[2] = m50~efe[2][0];
mefm5%o[1J[] = m50efe[0][ I]*clam + m50efe[ I][ I]*slam;
mefmn5O~[1]I = -m5Oefe[0J[1]uslam + m5Oefe[ I][ I]*clam;
mefmS5%l][21 - =50efc[2J[l];
mefnMS[2][O] - niSefe[O][2]*clam + m~ioefe[l1[21%slam;
mefWm4qO[2X1 - -m50efe[OJ(2J*slam + m5Oefe[1][2]%clam;
mef~m5oj2J2] - mS0efe(2](21;

void dmvmul(double m[3][3], double vl[3], double v2[3])
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ant ij;

for(iino; i<3; i++)

v2[i] - 0.0;
fof(j-0; j <3; j ++)

v2[i] m[i)][j'v1(jJ + v2[i];

void dxpose(double m[3][3), double mt[3][3J)

int i~j;

for(i=0; i < 3; i ++)
for(j=0; j <3; j ++)

natli][j] = MUMl];
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#include <stdo.h>
hinclude <utdlib.h>
#lnchade <cowio.h>

int main(int argc, char *%argv)

static char msg[l
"Usage: %s mode\n*

3 Normal 80x25 color\n"
64 EGA 43, or VGA 50 line color\n";

if (argc ==2)

int mode = atoi(argv[l]);

if(mod == 3 11mode ==64)

textmode(mode);
return;

printf(msg, argv[O]);

vmode. c



makef ile

BCC PATH - c:\utiI\bcc

LIDPATH - (BCCPATH)\Iib
INCIPATH- inc;$(BCCPATH)\inc

.path.obj = objs

CO = cOl.obj
CUB = cl.Iib
MATHUB =fp87.lib mathJ.lib,
GRAPHLIB =graphics.lib

RM = rm
TJSDBUG =p map

#R.M = erase
#TJSDBUG = echo

#f For Rendezvous:
# make clean

#f make -DRNDV pgm.exe

!if $d(RNDV)
CEXTRA = $(CEXTRA) -DNPS-RNDV
!endif

#f For GPS:
#f make clean
#f make -DGPS pgm.exe

!if $d(GPS)
CEXTRA = $(CEXTRA) -DNPSGPS
!endif

Hf $d(SIM)
CEXTRA = S(CEXTRA) -DNPSSIM
!endif

CC = bec
AS = tasm
LD = tlink
AR = tlib

maket ile



makef ile

!if $d(DEBUG)
CDEBUG - -N -v -Y -DDEBUG
!else
CDEBUG - -N -v -Y
!endif

ADEBUG- z
AFLAGS - -.1 -iinc $(ADEBUG) -j.286P

# For Debuging:
# make -DDEBUG pgm.exe

fif $d(DEBUG)
LFLAGS DEBUG = /m/l/v
!endif
LFLAGS = /c/d$(LFLAGSDEBUG)

.AUTODEPEND

# Implicit rules

(nps) .c.obj:
$(CC) -c -Inps ($<)

(tans).c.obj:
$(CC) -c -hans; ($ <

(orbmechl).c.obj:
$(CC) -c -lorbmech 1 (S$ <

(utii).c.obj:
$(CC) -c ($ <

(util).asm.obj:
$(AS) S(AFLAGS) $ < ,$a

{com).c.obj:
$(CC) -c {$S<

(corn).asm.obj:
$(AS) $(AFLAGS) $ <,$a

(nps~sim).c.obj:
$(CC) -c -InpS sim (S <

(tans sim).c.obj:
$(CC) -c -Itans Sim ($<)

(test).c.obj:
$(CC) -c ($ <

nothing:
@echo *Type 'make TARGET~' where target is one of"
Oecho "tans.exe....TANS, with NIPS *****'a~ STS-5 1 Flight Version ***

maket ile



makef ile

@echo a tans_spd.exe. TANS, no NPS, with SPDRJVE'
acoho * tas5lsm.exe. TANS, with NPS, Sim from file'

@echo * tans~lfh.exe. TANS, no NPS, testingo
Decho * smex .. TANS device simulator"
@echo *"teat com.exe. Com-port tester (via built-in interrupts)"
@echo " test-dev.exe. Corn-port tester (via DOS device driver)*
@echo " corn txr.exe. Cam-port two-way tester (via built-in interrupts)"
@echo " vmode.exe .... Video-mode switcher"
@echo * scom.exe....NPS Simulator, input corn-port (built-in), no output"

oecbo * sdev.exe....NPS Simulator, input corn-port (DOS driver), no output*
Gecho * sdev dly.exe. NIPS Simulator, input device/disk (TLM packets), no output*

6-acho * sprp.exe....NPS Simulator, input propagator, no output"
@echo " sdsk.exe....NPS Simulator, input disk, no output"
aecho " siem.exe....NPS Simulator, input mnemory (from disk), no output"
*echo " prpdfsk.exe.. NPS Genenrator, input propagator, output disk'
Oecho * prp dev.exe.. NPS Generator, input propagator, output corn-port (DOS driver)"
@echo " prp-com.exe.. NPS Generator, input propagator, output corn-port (built-in)"
becho " nps.exe ....NPS Stand-alone, input corn-port (built-in)"
@echo " test vec.exe. Vector functions tester"
@echo " map_ raw.exe.. Map-file converter, text to raw"
@echo " emm-test.exe. EMM functions tester"
@ecbo " tansdump.exe. TANS data-file dumper"
@echo " tans-vec.exe. TANS dlata-file vector dumper"
@echo " tans-v2.exe.. TANS data-file state-vector dumper"

ecwho * pkt cln.exe.. Packet file filter/cleaner"
@echo " pkt show.exe. Packet file dumper"

clean:
-S(RM) turboc.cfg
-$(RM) objs\nps.obj
-$(RM) objs\npsdap.obj
-S(RM) objs\npsypred.obj
-$(RM) obJs\nps~edit.obJ
-$(RM) objs\sprp.obj
-$(RM) objs\scom.obj
-$(RM) obJs\scom-dly.obJ

# Object file groups

ORBMECHOBJS = amatrix.obj bgprop.obj cowfli.obj der.obj gem9.obJ getiers.obj\
gotpot.obj itowgs84.obJ jacatm.obj jacdat.obj m5Omnp.obJ rk4.obj util.obj

EDIT OBJS = edit.obj key~get.obj
EDIT:_RT_OBJS $ (EDITOBIS) edit-rt.obj edit fid.obj

makef lie



zakef il.

lIME OWJS - thms-dbi.obj tdbl str.obj tdbl hms.obj thins str.obj tgps~utc.obj

VECTOR OBJS -v vector.obj v_matrix.obj v quat.obj v_rvbar.obj\
v mSO.o;bj vj2000.obj v-check-obj

SWAPOBJS swanp d.obj swap f.obj swap s.obj

EMMOBJS =emin owa.obj emin coas.obj emin map.obj ermaprob

!if $d(GPS)
NPSOBJS GPS = ups rn50.obj dif data.obj dif plot.obj\

ups filt.obj Isfiiter.obj ups dap.obj nps~pred.obj
!eiwdif

NPS_-OBJS = nps.obj nps edit.obj nps~plot.obj menuplot-obj\
rv data.obj rvyplot.obj pydataobj pypltb

~n_g~obj plane.obj ups_ dab psred.obj S(NPS-OBJS-GPS)

ORBPKTOW = orb~pkt.obj
ORB_-PORTOBJ =orb-port.obj

ORBFILE .OBJ =orb file.obj

TANS_-PKT2_-OBW = tanspkt2.obj
TANS_-PKT_-OWJ = tausjpkt.obj
TANS_-PORT_-OWI = tsport.obj
TANSFILEOWJ = tnsile.obj

TANS_-FILE_-SIM_-OWI = tnsprtsm.obj
TANSPORTSPDRVOBW = tnsprtfh.obj

COM-OBJS com-intc.obj corn-inta.obj

TANSOBJS =tans5l.obj tus io f.obj prc tpkt.obj tans sys.obj tanstime.obj\
aimanac.obj m5Oqepb.obj display.obj main-dis.obj para dis.obj misc dis.obj\
map dis.obj spc edit.obj misc -fizn.obj Iog.obj exit.obj

TANSNPSFAKE = ups fake.obj

# TANS, with NPS STS-5 1 Flight Version ''

TANS51-OBJS = $(TANSOBJS) ups-if.obj $(NPS OBJS)\
$(ORBPKTI_OBJ) $(ORB PORT OBJ) S(TANS_PORT OBJ) $(COM_OWJS)\
S(VECTOR-OBJS) $(TMEOBJS) $(EDIT_RT_OBJS) S(ORBMECHOBJS) $(EMM-OBJS)

TANS51IUBS = S(GRAPHUB) $(MATHLIB) $(CUJB)

tans cxc:: turboc.cfg
tans.exe:: $(TANS51_OBJS)

$(LD) $(LFLAGS) /L$(UJBPATH) 0&& 1

makef lie



sakef ile

$(CO) $4*,$< ,,$(rANS5I-UBS)

OS(TJSDBUG) A& $<

$(RM) $*.map

# TANS5I, with NPS, Sim from file

TANS51SMOBJS = $(TANSý_OBIS) nps Mfobj P ORJS)
$(ORB_-PKT_-OBW) $(ORB FILE OBJ) $(TANSFILE_OWJ) $(COMOBjs)\
$(VECTOR-OBJS) S(TIME OBJS) $(EDIT _RT O8JS) S(ORBMECH OBJS) $(EMM_OBIS)

TANS51SMUBS = $(GRAPHUB) $(MATHUB) $(CUB)

tans5tIsm.exe:: turboc.cfg
tans5lsm.exe:: $(I'ANS5ISM_-OBIS)

$(LD) $(LFLAGS) /L.$(LIBPATH) 0&& 1
$(CO) $*,< ,,$(TANS5ISMLIBS)

@$(TJSDBUG) Its $<
$(RM) $*.map

# TANS51, no NPS, with SPDRIVE

TANS_-SPDRV OBJS = $(TANS_OBJS) $(TANSNPSFAKE) $(TANSPORTSPDRV-OBJ)\
$(EDITIOBPS)

TANSSPDRVLIBS = $(GRAPHLIB) $(MATHUIB) $(CUB)

tans spd.exe:: turboc.cfg
tans spd.exc:: $(TANS-SPDRV-OBJS)

$(LD) S(LFLAGS) /L$(LIBPATH) 0&&j
$(CO) $**,$ <,,$(TANSSPDRVLIBS)

@S(TJSDBUG) Aa $ <
$(RM) $*.map

# TANSSI, no NPS

TANS51FN-OBJS = S(TANSOBJS) $(TANS NPSFAKE)\
$CFANS_2OR7LOW) $(EDIT _OBJS) $(COMOBJS)

# $(TANSffORT SPDRVOBJ)

TANS51FN-UBS - $(GRAPHUB) $(MATHUB) $(CUB)

makef ile



makef ile

tans5lfh.exe:: tuvboc.cfg
tansS Ifn.exe:: S(TANS I FN-OBJS-)

S(LD) $(LFLAGS) /L.$(UBPATH 0&&1
$(C)) $**,$< ,,$(TANSSIFNLIDS)

O$(TJSýDBUG) ha $ <
S(RM) $*.map

# TANS device simulator

TSIMOBIS = tsim.obj tsim ~toj\

tsim -2x.ob tsim 3x.obj tsim-5x.obj tsim ex.obj\
$(TANS_PORT OBJ) $(COM OBJS) S(EDJT OBJS) S(SWAP-OBJS)

T'SIMUBS = $(MATHUIB) $(CUB)

tsim.exe:: turboc.cfg
tsim.exe:: $(T7SIM-OBJS)

$(LD) $(LFLAGS) /LS(UJBPATH) 0&& 1
$(CD) $*,$< ,,S(T'SJM_UBS)

@$(TJSD3BUG) /la $<
S(RM) $*.map

# TANS data-file dumper

TANSDUMP-OBJS = tansduinp.obj
S(TANS_PKTý_OBJ) $(SWAP OBIS) $(EDITýOBJS)

TANSDUMPLIDS = S(MAT1HUB) $(CUB)

tansdump.exe:: turboc.cfg
tansdump.exe:: $(TANSDUMP-ORJS)

$(LD) $(LFLAGS) /L$(U1BPAMh 0"1&
$(CO) $**,$< ,,S(TANSDUMP LIDS)

@$CrJSDDUG) /1a $<
$(RM) $*.map

# TANS data-file vector dumper

TANS_'VEC_-OBIS = tans vec.obj\
sTaiNS-PK(T 09) S(SWAP OBIS) $(EDIT 0915)

makef ile



Makef i le

TANS -VEC -LIDS - UMMA~UD) $(CUIB)

tans. vec.exe:: turboc.cfS
tans vec.exe:: $(I'ANS _VECODES)

$(M) S(LFLAGS) /L(UBPATH) D&&I
$(CD) $**,$ < ,,$(TANS,_VECý_LID)

@S(TJSDDUG) /l. $ <
S(RM) $*.map

# TANS data-file state-vector dumper

TANSV2_ODES = tans v2.obj\
$(TANS_-PKTOBI) $(TANS_PKT ýODE) $(SWAP OBJS) $(EDIT ODES) $(TIME ODES)

TANSV2_LIDS = $(MATHUB) $(CUB)

tans-v2.exe:: turboc.cfg
tans v2.exe:: $(TAN.V2 OBIS)

$(FLD) $(LFLAGS) /L(BPATH) 0&&1
$(CO) $**,$< ,,$(TANSV2_LIDS)

@$(TJSDBUG) /I& $ <
$(RM) $*rnap

# Corn-port two-way tester (via built-in interrupt buffers)

# Run this program on two machines simultaneously

COM_1XRXODES =corn txrx.obj S(EDIT ODES) corn intc.obj corn inta.obj

COMTXRX LIDS =$(CUB)

corn txrx.exe:: turboc.cfg
corn trx.exe:: S(COM IXRX ODES)

$(ED) $(LFLAGS) /L(UBPAýTH) 0&&1
$(CO)) $**~i,$ < ,,$(COM TXRX ,LIDS)

0S(TJSDDUG) /la $ <
$(RM) $*.map

# Corn-port tester (via built-in interrupt buffers)

TESTCOMODES -test-com.obj $(E]DIT ODES) comnjntc.obj corn-inta.obj

makef i1.i



inaket ile

7TST COM LIES - $(CUB)

test-corn.exe:: turboc.cfS
test com.exc:: $MTESCOM OBJS)

$(LD) $(LFLAGS) /LSUBPFATH) 0&& 1
$(CO) $**,$ <,,$(TESTCOM_ LIDS)

@S(TJkDBUO) /1* $ <
$(RM) $*.MnAP

# Corn-port tester (via DOS device driver)

TEST DEV OBJS = test-dev.obj

TESTDEV_LIDS = $(CLIB)

test dev.exe:: turboc.cfg
test dev.exe:: $(TESTDEVOBJS)

$(LD) $(LFLAGS) /L.$(U1BPATH) G&& I
$(CO) $**,$ <,,S(TESTDEV LIDS)

O$(TJSDBUG) Aa $S<
$(RM) $*.mnap

# Packet file filter/cleaner

PKT CLN OBJS =pkt cln.obj $(ORB PKTOBJ) $CflMEOBJS) $(VECTOROBJS)

PKT-CLNLIS =$(MATHIJB) $(CUB)

pktcln.exe:: turboc.cfg
pktcpln.exe:: $(PVKTCLN-OBJS),

$(LD) $(LLAGS) /L$(U1BPAMh 0&& 1
$(CD) $**,$ <,,S(PKT CLN LIDS)

@S(TJSDBUG) /1a $ <
S(RM) $*.map

#f Pocket file dumper

PKT SHOW 0315 - pkt _show.obj S(ORBPKTr_031) $(TME 0315) S(VECTOR-OBJS)

PKT SHOW LIES = $(MATHUB) $(CUB)

maket ile



makef ile

pct~sbow.exe:: turbocAcf
pkt~sbow.exe:: S(PKT SHOWOBIS)

S(LD) $(LFLAGS) /LS(UIBPATH @"&1
$(CO) S**,$<,,S(PKT_ýSHOW UDS)

O$(TJS._DRUG) /Is $ <
S(RM) $*. map

if Vector functions teste

TEST VEC OBJS = test eoc.obj vect-old.obj $(VECTOR OBJS) S(ORBMECHOBJS-)

TEST VEC LIDS = $(MATHLIB) $(CUDB)

test vec.exe:: turboc.cfg
test- vec.exe:: $(TESTVEC-OBJS)

$(L.D) ${LFLAGS) /L,$(UBPATH) 0"&I
$(CO) $**,$ <.,$(TEST_VECULBS)

O$(JSý_DBUG) /la $ <
$(RM) $*.map

#f EMM functions tester

EMMTESTOBJS =enm -test-obj $(EMMOBJ-S)

EMMTESTLIDS =$(MATHLIB) $(CUIB)

enmm-test.exe:: turboc.cfg
enunm test.exe:: S(EMM TESTOBJS)

$(1D) $(LFLAGS) IL$(UDPATH) 0&&!
$(CO) $**,$ <,,S(EMMTEST LIBS)

O$(TJS DR3UG) /1. $ <
$(RM) $*.Map

#f Map-file converter, text to raw

MAP RAW OBJS - map raw.obj

MAP-RAW L1DS - $(MATHUB) $(CUIB)

mapraw.exe:: turboc.cfg
map raw.exe:: $(MAPRAWOBJS)

uaakef lie



inakef ile

$(LD) S(LFLAGS) /LS(UIBPATH) 0&&~

$(CO) $**,$ <, ,S(MAP RAW UBS)

O$S(TJDBUG) A& $ <
$(RM) $*.MAP

# Video-mode switcher

VMODE-OBS vmode.obj

VMODE-UBS $ (CUIB)

vmode.exe:: turboc.cfg
vmode.exc:: $(VMODE-OBJS)

S(LD) $(LFLAGS) IL-$(UBPATH) @&&I
$(CO) $**,$< ,,$(VMODE LIDS)

*$(TJSDBUG) /I& $<
$(RM) $*.Map

# NPS Stand-alone, input from corn-port (built-in)

NPSX OBJS = aps_main.obj scom.obj S(NPSý_OBJS)\
$(OREBPKT OBJ) $(OR.B PORT OBJ) $(COM OBJS)\
$(VECTORObBJS) S(TM4E OBJS_) $(EITý_RT_OBJS) $(ORBMECMOBJS) S(EMMOBJS)

NPSX_LIDS = $(GRAPHUB) $(MATHUIB) $(CUIB)

nps.exe:: turboc.cfg
nps.exe:: S(NPSXOBJS)

$(LD) S(LFLAGS) /L$(UBPATH) 0&& 1
$(CD) $**,$ <,,S(NPSX LIDS)

@S(TJSDBUG) lit $ <
$(RM) $*.MOP

# NPS Simulator, input from corn-port (built-in), no data output

SCOM ODIS - sim.obj scom.obj gnone.obj S(NPS _OBJS)\
$(OR-BPKT OBJ) $(ORBLPORT OBIJ) $(COM-OBJS) \
$(VECTOROBJS) S(FME ODJS) $(EDIT _RT ýOBJS) $(ORBMECH OBJS) $(EMM-OBJS-)

SCOM LIDS - $(GRAPHLIB) $(MATHUIB) $(CUIB)

makef ile



makef jig

scom.exe:: fturoc.cfg
scorn.exe:: $(SCOM-ODS)

$(LD) S(LFLAGS) /LS(LIBPA7h) 0&j
SVco) $**S < ,,$(SCOM LIDS)

@$(TJS.DBUG) /I& S<
S(R.M) $*.Map

# NPS Simulator, input from corn-port (DOS device driver), no data output

SDEVOBJS - sirn.obj scoin.obj gonoe.obj S(NPS OBIS)k
$(ORB_ -PKTOIBJ) $(ORBFLEU_OW) \
$(VECTOROBJS) $(TME OBJS) $(EDIT RT OBJS) S(ORBMECHOBJS) $(EMM-OBJS)

SDEVLIDS = $(GRAPHUIB) $(MATHLUB) $(CUB)

sdev.exe:: turboc.cfg
sdev.exe:: S(SDEV-OBS)
$(LD) $(LFLAGS) IL$(UBPATH @&&j

$(CO) $**,$ <,,$(SDEV_LIDS)

@S(TJS...DBUG) hA& S<
$(RM) $*.map

# NPS Simulator, input fr-om corn-port (DOS device driver), no data output

!if $d(GPS)
SDEVDLYOBJSUPS = S(rANS PKT2 OBJ) S(TANS _PKT _OB) S(TANSFILE OBJ) $(SWAPOBJS)
!endif

SDEVDLYOBJS -sim.obj scorn diy.obj timer.obj gnone.obj S(NPS OBJS)\
S(ORBP~kOB S(ORBIFILE_0133) S(SDEV DLY ODJSGPS) \
S(VECTOROBJS) $(TIME ODJS) S(EDIT _RT OBJS) $(ORBMECHOBJS) $(EMMOBJS)

SDEV DLY LIDS = $(GRAPHUD) $(MATHUB) $(CUB)

udev~dly.exe:: tusboc.cfg
adev~dly.exe:: $(SDEV-DLY-OBIS)

S(LD) $(LFLAGS) IL$(UBPAWH) G&&I
$(CO) $*,< ,,$(SDEVDLY LIDS

@$S(TJDBUG) Ase $ <
S(R.M) P~.Map

sakef lie



inakef ile

# NIPS Simulator, input from propagator, no data output

SPRP-ORJS- sim.obj sprop.obj timor.obj gwon.obj S(NPS _OBJS)\
S(VECTOROBJS) $(FIME OBIS) $(EDITý_RTOJS) S(ORBMECHOBJS) S(EMMORJS)

SPPIP LADS - S(GRAPHLIB) $(MA7HLZB) $(CUBD)

sprp.cxe:: turboc.cfg
sprp.exe:: $(SPRPýOBJS)

S(LD) S(FLAGS) ILS(UDPAWH) 0&& 1
$(CO) S**,$< ,,S(SPRP LABS)

@S(TJSDBUG) Its $ <
$(R.M) $*.map

# NIPS Simulator, input from disk, no data output

SDSK OBJS = sim.obj sdisk.obj tizner.obj gnone.obj $(NPS _OBJS)\
$(VECTOR-OBJS) $(TMEOBJS) S(EDITRTOBJS) $(ORBMECH OBJS) $(EMMOBJS)

SDSK LABS = $(GRAPHLAB) $(MATHUIB) $(CLAB)

sdsk.exe:: turboc.cfg
sdsk.exe:: $(SDSK-OBJS)

$(LD) S(LFLAGS) /L,$(UIBPATH) 0&&I1
$(CO) $**,$ <,,$(SDSKLABS)

@S(FJSDBUG) /ta $<
$(RM) $*.Map

# NPS Simulator, input from meomry (from disk), no data output

SMEM -OBJS = sim.obj sinem.obj gnone.obj S(NPSOBJS)
$MVCTOROBJS) $(TIMEOBJS) S(EDIT RT OBJS) $(ORBMECH OBJS) $(EMMOBJS)

SMEM LABS - $(GRAPHUJB) $(MAIIUlB) S(CUIB)

smem.exe:: turbocAcf
smem.xex:: S(SMEMOBJS)

S(LD) $(LFLAGS) /L$(UBPAMh D&& I
$(CO) $**,$< ,,$(SMEM lIDS)

o(TISýDBUG) /a*$ <
S(RM) 5* ap

ziakef ile



zakef ile

# NPS Generator, input from propagator, output to disk
#
PRP DSK OBJS = sim.obj uprop.obj timsr.obj gdisk.obj nps none.obj ups._m50.obj\

$(VECr~OROIS) SMTME OBJS) $(EDIT_9RT OBJS) S(ORBMECHIOBJS)

PRPDSKLIDS = $(GRAPHLIB) $(MATHUB) $(CUIB)

pip dak.exe:: turboc.cfS
prp__dsk.exe:: S(PRPDSK 0115)

S(LD) S(LFLAGS) /LS(UBPATH) D&& I
$(CD) $**,$< ,,S(PRP FýDSKý_LIS)

@$(TJSýDBUG) A& $ <
$(RM) $*.map

# NPS Generator, input from propagator, output to corn-port (DOS device driver)

PRP DEV OBJS = sim.obj sprop.obj timer.obj gcomk dev.obj ups none.obj ups rn50.obj\
$(VECTOR ORlS) $(TME 0115) $(EDIT _RT _OBS) $(ORBMECH_0135)

PRPDEV_LIDS = $(GRAPHLIB) $(MATHLIB) $(CLUB)

pip dev cxc:: turboc.cfg
pip dev.exe:: $(PRPDEVOBIS)

$(LD) S(LFLAGS) /L$(UIBPATH) O&&I
$(CO) $**,$<,,$(PRPDEV_LIDS)

@$(TJSDBUG) A& $ <
$(RM) $*.map

# NPS Generator, input from propagator, output to corn-port (built-in)

PRP COM OBJS - sim.obj sprop.obj timer.obj gcomý corn.obj nps noe.obj ups m5O.obj\
$(COM O6lS) $(VECTOR OBJS) $(TIMkE OUS) S(EDIT RT OBJS) $(ORBMECHOBJS)

PRPCOM_UJBS = $(GRAPHUB) S(MATHLIB) $(CUBD)

pip com.exe:: turboc.cfS
pip cor.exe:: $(PRPCOM ORIS)

$(LD) $(LFLAGS) /L$(LIBPATH 0&& 1
$(CO) $**,S <,,$(PRPCOM LIDS)

@$1?TS..DBUG) Aa $ <
S(RM) $*.map

3akef ile



maalwf le

# Compiler configuration file

D-ml -1 $(CDEBUG) -02 -Ff -4287 -wdef -wnod -wpro -wuse
twrboc.cfg: makeffil

copy& I
-ml -1 $(CDEBUG) $(CEXTRA) -Ff -wdef -wnod -wpro -wuse
*$IaNCPATH) -L$(UIBPATH -nS(.path-obj)
Iturboc.cfg

# Gotpot.c needs special compile: no optimization

gotpot.obj: orbmecb I\gotpot.c
$(CC) -c -02-v $?

makef ile

kh


